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Goats with Trichomonas Foetus and Trichomonas Species 
from the Cecum or Feces of Swine 
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THERE is relatively little information about 
the host specificity of Trichomonas foetus 
and other trichomonads of 
mals. Trichomonas foetus is able to pro 
duce infeetion in the vagina of sheep.’ In 
other work, vaginal infections with 7. 
foetus were not produced in sheep, swine, 
horses, goats, and cats.*. Vaginal infections 
in cattle with trichomonads from the di 
gestive tract of have 
reported.®: * 

This study was undertaken to determine 
whether 7. foetus will produce infections 
in the genital tracts of swine and goats 
and to compare such infections in 
with resulting from = trichomonads 
from the digestive tract of swine. As yet, 
only trichomonad from 
swine has been named. The name Tricho 
monas suis was given to the trichomonad 
from the stomach. There are two tricho 
monads in the larger and a 
smaller form’; the larger form was used in 
this study. The relationship of this form 
to T. suis is yet to be determined but, in 
fresh material, it appears to be distinet 
morphologically from 7. After it has 
been maintained for some time in culture, 
the cecal trichomonad closely resembles y 
foetus but, in fresh material, it is readily 
The tri 
chomonad from the feces of swine used in 


domestic ani 


swine also been 


swine 
those 


one species of 


cecum, a 


SUIS 


distinguishable from this species 


this study is presumably the same species 


as that from the cecum 
Fron the Gynecologice 

Clini of the Us 

director 
During 955 

research achoitar 


Zoology, Utal 


MATERIALS AND METHOD= 


The culture medium used for the trichomonads 


was prepared from peptone bouillon to which 0.1 
ml. of horse serum and 1,000 yg. of streptomycin 
After 


(3.0 ml. per 


per milliliter were added just before use 


placing the medium in small tubes 


tube) and inoculating, paraffin oil was added 
The strain of swine ceeal trichomonads was iso 
lated from cecal contents obtained from a pig in 
the municipal abattoir of Munich. Some diffieulty 
was experienced in controlling the growth of bac 
teria and, after an experimental infeetion with 
the strain had been induced in the prepuce of a 
virgin bull known to be negative, a subculture 
of this bull was used for 


feeal 


awine in the 


from a preputial sample 
further 


trichomonads 


propagation of the strain. Swine 


were isolated from 


clinie. Vaginal samples were collected from swine 


with a plastie pipette and a syringe by introduc 


ing and withdrawing 20.0 mil. of 


from the 


phy siologic al 


saline solution vieinity of the external 
os. 


In the 


were 


goats, 5.0 to 10.0 ml. of saline solution 


introduced into the vagina and a portion of 


beaker 


were 


this was reeovered in a Uniformly satis 
diffieult to 


Pre putial 


factory vaginal samples obtain 


goats 
obtained by 


from 
10 mil 
into the prepuce, massaging 
fluid in a beaker Preputial 
obtained b 


from swine and samples 


goats were introducing 3.0 to 


of saline solution 
and eolleeting the 
samples from the boar were 
fluid from ihe 
that 


Samples 


queezing 


prepuce or b method similar te 


goats 


were 


used for 


usually collected 


After centrifuging, a portion of the sediment 


examined under the microscope The remaining 
portion was inoculated into three tubes of eulture 
mined 


medium and these sere ineubated and ex 


three times at intervals of two da 


AND 


Th ree 


They were 
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Inoculations in Goats young 


virgin female goats were used 


i 
| 
j ' slate terina 
Professe V. Baier 
suthe gist 
State Agr tural Colle Lowar 


162 D. M 


TABLE i—Results of Intravaginal Inoculations 
of Goats with Cultures of Trichomonas Foetus 


No. of 
da in 
fection 


as ‘ on ation 


number 


n anestrus at the time of inoculation 
Kach was inoculated intravaginally 
with 2.0 to 3.0 ml. of 7. foetus culture. The 
cultures originated from bovine preputial 
or vaginal samples 
inoculation of 


culture was used which originated from a 


gout 


instance 
which a 


except in 
2) in 


one 
(second goat 
vaginal sample of goat 1. Two goats be 
came infected as a result of the first 
lation, the third as a result of a second in 
(table 1] eould 
be found by 


oct 
oculation Trichomonads 


direct examina 


tion in only one or two samples in each 


case; these oceurred about midway in the 
period of infection in goats and at the 
beginning of the period in the third. In 


the 2 goats in which the infection 


Wis al 
lowed to run its course, samples were posi 
until 29 


inoculation 


tive days, 
after The third 


emaciated and was killed 22 days after in 


and respectively, 


goat became 


oculation, Trichomonads were found = in 
large numbers in the horns and body of 
the uterus, in the and in the va 
Since 


relatively few 


cervix, 
shown 
the 
uterus apparently was the site of most ae 
multiplication. No 


gina vaginal samples had 


only trichomonads, 


tive evidence of any 


pathological reaction to the presence of the 


infection was seen in any of the goats 


Preputial infections were attempted in 
5 goats about 2 years old; 4 of these were 


in a state of sexual inactivity. Two goats 


received one imoculation 1 received two, 


TABLE 2- 


inoculation Inseminatior 


Artificia 
None 
Natura 
None 
None 
Natura 


HAMMOND 


Results of 


AND W. Lemp. 


and 2 received three 


The interval between 
goat 
was about two weeks. In two series of in- 
oculations involving 2 and 
tively, a strain of 7 
had been recovered from a vaginal sample 
of 1 of the experimentally infected goats; 
inoculations, cultures 


successive inoculations of the same 
3 goats, respec- 


foetus was used which 


in the other series of 
originating from bovine preputial samples 
In each 
ml. of culture was injected into the prepu 
tial cavity, followed by light 
No infection could be demon 
following the 


were used, inoculation, 2.0 to 3.0 
massage of 
the prepuce 
strated inoculations In any 
Kour goats were sampled at 
intervals from two to 48 hours 
after inoculation in three successive trials 
All samples taken up to two hours after 
while all except 
hours or 


of the goats 


Various 


inoculation 
one collected after six 
negative: that 
hours. Therefore, 7 usually 
vived in demonstrable numbers for only a 
few hours after preputial inoculation. The 
preputial eavity of these goats normally 
contained less secretion than is usually ob 
served in bulls. This factor in 
the apparent inability of 7. foetus to be- 


were positive 
more were 
after 24 
sur 


one Was positive 


foetus 


may be a 


eome established in the male groat 

sows and 1 
old. used in 
sows were inocu 
3.0 to 6.0 ml. of 
the SOW 


Tnoculations in Swine 
boar, 12 to 18 months 
these experiments 
lated intravaginally 
T. foetus eultures. In 
was in heat at the 
3 of the 4 sows had been bred naturally or 
artificially just before inoculation. Two of 
the 4 sows experienced a demonstrable in 
(table 2 
inoculation 


were 


with 
each 


CAaSe, 


time of inoculation and 


Two SOWS were given a 
21 days after the first. 


, a single sample, col- 


fection 
second 
In 1 of these (sow 
lected six days after inoculation, was posi- 
tive by culture only. This may or may not 
represent a true infection. In the other 2 
definite oceurred, which 
followed somewhat the same course. In 1] 
(sow 4 trichomonads could be 


sOWS, infections 


seen di- 


Results of Intravaginal Inoculations of Swine with Trichomonas Foetus 


xamination implies taken 
it intervals o 


Am. J. Ver. Ri 
Date of tof ad 
0, of imocu no lemor na 
oat atior af tral ‘ ple 
1 ; 
4/12/h¢ 
1/24/56 
Gost killed 222 omonad 
fo Ce t and na 
o. of Dat 
J 10/14/5 
4 11 i ‘ 
i 10/14 
11 ) 
6 4/56 
j 1/30 6 
posit t on oderate and i tr ne 
mads, respective 


EXPERIMENTAL 


rectly in low to moderate numbers in three 
samples collected four to eight days after 
inoculation, In the other tricho 
monads were found in moderate to high 
numbers in three samples collected four to 
11 days after inoculation; one other sam- 
ple, collected 20 days after inoculation, 
was positive by culture only. 

Five were inoculated with 3.0 to 
6.0 ml. of trichomonad culture originating 
from the digestive tract of swine (table 3) 
Four of the sows (2, 4, 6, 7) had previ 
ously received one or two inoculations with 
T. foetus and each except 1 (7) had be- 
infected; the interval between the 
last inoculation with 7. foetus and the first 
inoculation with swine trichomonads was 
21, 20, 46, and 122 days, respectivelv. In 
3 sows, cultures originating from swine 
contents were used. In the other 2 
and 7), the eulture originated 
from swine feces and the strain had under 
gone passage through the bovine male and 
female genital tract. The Was 
recovered vaginal samples from 4 of 
the 5 However, in 3 sows, only the 
first sample, taken three or four days fol 
lowing inoculation, showed trichomonads 
in numbers. In 2 organ 
isms were not demonstrated in any of the 
later vaginal samples. In 1 of these sows, 
reinoculation was followed by the finding 
of of in 
the second vaginal sample 

The fourth sow (8) was bred naturally 
at the time of inoculation and experienced 
a normal pregnaney. The infection in this 
sow differed markedly from the others; it 
was more pronounced and of longer dura 
tion. Her first sample, collected four days 
after inoculation, was negative but, in the 
following seven saniples, collected from the 
seventh to twenty-eighth day after inocu 
lation, trichomonads were found in moder 


(sow 6) 


SOWS 


cecal 


sows (6 


organism 
mn 


SOWS 


moderate SOWS, 


moderate numbers trichomonads 


ate to high concentrations. Four remaining 


samples, collected up to the forty second 


TRICHOMONAS INFECTION OF SWINI 


AND GOATS 


day after inoculation, were positive by cul 
ture only or showed directly only a few 
trichomonads. This was the only sow inoe 
ulated with either species of trichomonad 
in which infection was with 
pregnancy; possibly the pregnancy influ 
enced the infection. 

One sow (6) showed an inflammation of 
the vulva the fourth day after inoculation 
with 7. foetus and the vaginal sample col 
lected at this time showed moderate num 
of trichomonads Hlowever, the in 
flammation had disappeared by the fifth 
day, while the vaginal sample collected on 
the seventh day showed a high concentra 
tion of trichomonads. Therefore, it 
likely that the inflammation was 
causes Other than the trichomonad 
No other pathological reactions asso 


associated 


bers 


seems 
due to 
infee 
tion 


ciated with any of the infections of either 


species of trichomonad were observed 
Pregnancy did not result in any of the 3 
sows bred at the time of inoculation with 
T. foetus. However, no evidence 
that the brief trichomonad infection of 2 
of the 3 sows was a failure to 
settle. As stated above, the 1 sow bred at 
the time of inoculation with trichomonads 
of coneeived and farrowed 
normally in relatively 
trichomonad infeetion 

In comparing the infections caused by 


there is 


factor in 


swine origin 


spite of a severe 


the two species of trichomonads, the small 
number of cases makes possible only tenta 
tive The of 
swine origin were found more consistently 
than 7 in the of the 
following inoculations. However, there was 
more definite evidence of multiplication of 
T. foetus than of the of 
swine origin, except in the infection asso 
ciated with pregnancy 

Attempts were 
tions in a young boar 
intrapreputially with 3.0 
culture and then about 


conelusions trichomonads 


foetus vagina sOWS 


trichomonads 


to induce infee 
Ile was inoculated 


of 7 


weeks 


made 
mil foetus 


three later 


TABLE 3—Results of Intravaginal Inoculations of Swine with Trichomonas Sp. Originating 
from the Cecum or Feces of Swine 


sample vas 


enced a normal 


it of examinations ¢ 


at ntervals 


| i 
or 
‘ or ‘ ‘ 
610/56 
6 
6/19 t one ( 
10 stur 
eapective 
The last positive nal ted 4 
were negative. This sow experi precnar 
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was given a second inoculation with 9.0 
ml. About a mouth after this, he received 
an imoculation with 6.0 ml. of culture of 
swine cecal trichomonads. No infection 
was found after any of these inoculations 
It is likely that retention and decomposi 
tion of urine in the preputial cavity of the 
boar is a factor in making conditions un 
favorable for trichomonads 


DisCUSSION 


The results of these studies indicate that 
1. foetus is able to produce infections in 
the female but not in the male genital tract 
of goats and swine, and that trichomonads 
from the digestive tract of 
to become 


swine are able 
established in the 
Since the female goats were in anes 


vagina of 
SOW S 
trus at the time of inoculation no informa 
influence of 
There was 
with either 
swine has any 
effect on reproduction. This differs from 
the finding in heifers, by Fitzgerald et al.,* 
that with trichomonads of swine 
may be associated with infertility or abor 
However, the experiments with swine 
were too few to be conclusive 
of infection with 7. foetus in the 
genital tract of differed from that 
which is typical in cows. Only small num 
bers of trichomonads were found in vagi 
nal samples and the duration of infection 
was relatively short. However, in the goat 
which was killed during the infeetion, rela 
tively large numbers of trichomonads were 
found in the uterus, which indicates that 
uterine infection may occur as readily in 


tion was obtained as to any 
the infection on reproduction 
the infeetion 


trichomonad in 


no evidence that 


Species of 


infection 


tion 
he Course 
female 


routs 


yoats as in cattle 

The duration of infection in swine 
usually even shorter than in goats. It may 
be questioned whether the trichomonads 
demonstrated in only 
days represented true infections or merely 
survival for a time of the 
inoculated. There was a 
tinuous gradation in duration from the 
shorter to the longer infections. In 1 
only, the one in which infeetion of swine 


Was 


swine for a few 
trichomonads 


more or less eon 
SOW 


origin Was associated with pregnancy, did 
the infeetion approach in duration that 
typical of 7. foetus in cattle. This sug 
gests that in the other sows the vaginal 
infection may have been curtailed by fae 
tors associated with the estrual cycle. The 
influence of the estrual cyele on T. foetus 


infection in cattle is known." No infor 


mation was obtained as to whether any 
penetration of the uterus by trichomonads 
occurred in swine. 

The indicated lack of susceptibility of 
the male in both goats and swine provides 
an explanation as to why 7’. foetus appar 
ently does not occur naturally in these 
species 
the authors 
from the 


In work reported elswhere,” 
have shown that 
cecum or feces of swine are able to produce 
infections in the preputial cavity of bulls 
and that such trans 
mitted by coitus to females and vice versa 
These results, those reported in this paper, 
and the reports of experimental infections 
with 7. foetus in the vagina of sheep? in 
dicate that 7. the trichomonad 
of swine origin have a relatively low de 
gree of host specificity and that infections 


trichomonads 


infections can be 


foetus and 


of abnormal hosts or organs with these tri 
chomonads might be expected to occur oe 


casionally under natural conditions 


SUMMARY 


infections in 2 goats 


with Tricho 
anestrus 
and 38 days, 
numerous trichomonads were 


level vaginal 
from 
foetus 


Low 
resulting inoculations 
eultures during 
were demonstrable for 29 
respectively ; 
found in the uterus, cervix, and vagina of 
a third goat, killed 22 days after inocula 
tion. No from 
three \ntrapreputial 
foetus in 5 goats 


mondas 


one to 


with 7 


infections resulted 


inoculations 


Of 4 sows inoculated intravaginally with 
T. foe'us cultures during estrus, 4 experi 
demonstrable for three, 
Four of 
cultures 


infections 
ind 20 days, respectively 
with 


eneed 
eight, 
5 sows inoculated similarly 
of trichomonads from swine cecal contents 
or had infections 
three, four, 
spectin ly : 

ciated with a 
did not 

preputial 
monad species. No 
attributable to trichomonads were observed 


demonstrable for 
and 42 


infection 


seven, 12 days, re 


the longest WAS ASSO 

boar 
intra 
tricho 


normal pregnancy. A 
infected following 
with 


become 


inoculations either 


pathological changes 


in any of the experimental infections in 


swine and goats. The results indicate a 


relatively low degree of host specificity of 


these trichomonads 
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Swine Tissue Culture Systems 


|. Trypsin-Dispersed Kidney 


GEORGE A. YOUNG, D.V.M.; NORMAN R. UNDERDAHL, M:S.; 
LESLIE R. SABINA, M.S. 


Lincoln, Ne hraska 


A survey of the literature pertaining to 
the tissue culture 
systems disclosed that relatively little re 
search had been conducted using 
from this species. In much of the earlier 
work, swine tissues were used in an attempt 
about 


use of swine tissues in 


tissues 


fundamental 
origin function of different 
Kmmel! used 20- to 30-mm 
bryos as a source of material in prepara 
the 
origin of non-nucleated erythrocytes. The 
migration of epithelial cells was studied 
by Abromavich, from swine 
areolae, the 
stages of 


from 


to answer questions 


and cells 


swine em 


tion of autoplastic cultures to study 


using tissues 


the 
several 


placenta, and 
different 
used 


placental 
uterine wall at 
gestation. Vinnikoy 
the eyes of swine embryos of different ages 
to determine the 


tissues 


origin of 
epithelial 


in an attempt 
lens tissue. Galustian 
cells from explants of embryonie pig thy 
but the follicle-like structures failed 
to produce colloid The gallbladders from 
6- to 25-cm, swine embryos were used in 
studies of epithelium by Grigoriev.' 

Current is manifested in 
culture systems as tools for virus research 
work in this was done by 
in the cultivation of hog cholera 


roid 


interest tissue 


Karly area 
Hlecke 
virus in hanging drop cultures of embry 
onic choroid plexus, spleen, bone marrow 
and lymph node. TenBroeck* also eulti 
vated hog cholera a wtro on mineed swine 
testicle but in a Maitland *-type culture 
rather than a true culture. Boyn 
ton '® also reported on the successful eulti 
vation of this virus using bone marrow as 


tissue 
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ment 
grant National 
U.8 
technical assistance of 
lation to 


Pace for use of equipment and 


Third 
Associa 


Meeting 
Antonio 


Annual 
tion, San 


the tissue source. More recently, Gustafson 
and Pomerat"! 


changes in tissue cultures from lung and 


reported cytopathogenic 


spleen Lee, in 25 passages of hog cholera 
virus in swine kidney cell cultures, failed 
to observe cytopathogenic effects 

Other work 
includes lung and kidney 
from day-old pigs by Wesslen 
in studies of enzootic pneumonia of 


virus with swine tissues 


use of tissues 
and Lan 
nek,’ 
swine, and by Hjarre ef al.,'* in compari 
enzootic pneumonia to swine influ 
The swine embryonic 


cultivation of 


of 


enza virus use of 


tissues for vesicular exan 
thema virus by McClain ef al 
kowski Pfeifer 
Swine kidney cortex was used by Bachrach 
et al.’ as cells for foot-and-mouth 
virus and by Lee ** to propagate transmis 
sible gastroenteritis virus of swine 

In practically all the research with swine 
tissue cultures reported, the plasma clot 
technique was utilized. The work of Bach 
et al.” and of Lee ™ is excepted, as 
they utilized cells freed from the cortex of 
swine kidneys by trypsin 

The monolayer culture 
obtainable by use of trypsin dispersed cells 


and Ban 


and has been reported 


host 


rach 


tissue systems 
has many advantages over tissue explants 
on plasma clots for experimental work with 
Because of this and the fact that 
try psin dispersed 


Viruses 


swine kidney cells are 
difficult to cultivate, the following investi 
gations, on the development of procedures 
for the growth of these 
persed by trypsin 


taken 


when dis 


cells 


means of were under 


MATERIAI ND Mernop 


Serums Serums from 


were 


in these studies Swine ums were 


marily and were from three age groups A 


adult 
from 


liter pool of serum designated sw for 


was prepared from 1-liter aliquots of blood 


50 market hogs under COs, anesthesia Blood from 


caught in a 2.-liter 
l-liter 


stoppered 


each hog was porcelain eup 


bottles. The 
paraffined 


and poured into Roux 
bottles 
laid flat 


ing which time the blood 


pyrex 


were with corks and 


for four hours at room temperature dur 


clotted. They were then 
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remove red 


decanted, centrifuged 


serum Was 
blood 
The 


carboy 


overnight 
to 
and poured into a 5-gal. pyrex carboy 
the 
aliquots to 
This 


wis 


stored upright at 
cells, 
serum 
, then 
bottles, 


was thoroughly mixed in 


pool 


distributed in 500-ml pyrex 
but 


other 


serum was not 


filtered 


frozen, and stored at 


sterilized before storage before 
for 
“um 


ed 


use as de scribe d be low seTrums 

A 600-ml. pool 
blood of 12 pigs 4 
by hysterectomy 


receiving 


of se also made from 
week 
and re 
Ths 


It vas successively 


Wass 


hich were obtained 


isolation without 


eolostrum serum was designated 
passed 


** Me 


pyrex 


as Swy (¥ for young 
filters (s#e¢ 


to 


through sterile 015 and 0° ~elas 
diums,’’ , distribut.4 
milk bottles 
stored at 20 C, 

A third pool of swine serum was obtained from 
the blood of 1 by 
terectomy This was 


ignated WN 


below aseptically 


dilution with ‘Teflon-lined caps, and 


hys 
des 


ited 


0 newborn pigs obtained 


antibody-devoid serum 


for newborn and was tre 


as SwyY above 


also used in 


taken 
of 


were 
Blood 
liters 


bovine serums experi 


to be 


Two 
ments deseribed from a steer 
at 
designated BOA, 
The 
was obtained 
after birth 


handled as 


serum which was 
handle d 
designated 
of a 


Serum 


slaughter yielded 3 


This serum was similarly 


to SWA second bovine serum, 
by 
before it 


and 


exsanguination 
had 


above 


BON, 


soon and nursed 


was SWN 


One Was 
horse. Pre 
the blood of 
growth of 
handled 


used, designated as 
blood of adult 
obtained from 


serum HOA, 
the 


serum 


other 
from an 
of 
had 


strain L 


obtained 
vious lots 
this horse 
Earle’s 


as SBWY, 


satisfactory for 


cells serum Was 
BON 


kidney 


were 


and 
The 


exp riments 


SWN, 


Tissues tissues used throughout 


these obtained aseptically 
pigs | All pigs 
hysterectomy and were housed in isolation units on 
They 

exsanguinated 
All 


tissuc 


from 


to 7 weeks old were obtained by 


until used.” wert 
with chloroform and 
of the kidneys 
contacting the 
deseribed 


a modified cow’s-milk diet 
anesthetized 
before 
glassware 
h id 
manipulations of tissues were 
shield in a 
The kidney 
the kidney cortex approximately 5 
They 


small 


‘removal instruments 
sterile 


All 
hood 


and were 


and been washed as below 


done under a 


or sterile room, 


of 


were 


and slices 
mm, thiek 
to a Petri plate, 


surface, 


capsule was remove d 
transferred 
of 3 


to a 


obtained, were 


to 5 mm. on a 


125-ml, 
Modification 


into cubes 
then transfrered 
meyer flask 
of thre 

tom, and 
the 


%-inch py 
efficient 


eut 


and modified Erlen 
consisted 


bot 


(trypsinizer 
indentations, a bowed-out 
small glass legs 
These flasks 


Teflon-covered 


horizontal 
commodats 


d with a 


three to ma 


bowed bottom equippe 


rex or stirring bar served 


agitators when placed on a magnetic 


etirrer 
To 


were 


the tissu the 
idded 20 
1:250 


solution 


chopped kidney in 
of i 0 5 per 
solution in Hanks’ Deal 
with added 1.4 pet 
a pt of approximately 8.0. In 


ml cent 
inced salt 


NaHCO 


general 


Sacto 
cont 


to obtain 


the method ised were similar to those deseribed 
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by Youngner he tissue suspended in the tryp 
it 37 for 


of 


sin solution was agitated ten minutes 


with three subsequent decantations trypsin and 


suspended debris 
fourth 20-ml 
successive cell 


flask 
cent 


Cells 
added tr 


transferred 


SUS pe nded in the portion 


and SUSPensions were 


to a 250-ml containing 12 


of B with 10.0 per serum of O5 per 


lactalbumin hydrolysate LA) at 
This flask 
and the 

the 


rounded 


also contained a magnetic stirring bar 


rotatea slowly to 
The flask was 


hasten of 


cell we ‘ 
them 
to 


nded 
sur 
the 
suspensions of 
flask, the 
tubes 


wash trypsin from 


water reduetion 
After 


transferred 


by ice 


four or five 


the 


trypsin activity 


cells were in washing 


suspension was poured into 90-ml, centrifuge 


the 
ingle he 


cells were down at 600 r.pom, in an 
ad of an 
centrifuge rhe 
the diluent 


cedure 


and spun 


International pr-1l refrigerated 


cells then resuspended ir 
This pro 


were u 


were 


iged 
cells 


recentrif 
the 


washing ind 


was repented nd then 
basal 


the 


pended in a medium for counting and ino 


The 
rnight 


ulation to mediums 


varied growth 


were used ti dl 
at 4¢ 
{dditives \ 


attempt to 


or refrigerate 


number of materials 


moan timuls growth of 
added 

listed a 
Many of 


extracts 


to basal medium or eonvenk 
idditives 
vdlditive 
These 


with 


“are 


the the nature of ti 
by first 
of Hanks’ B&B 


then centrifuged 


Were in 


were prepared ming 


ing tissue in equal portion 
ma 
it 1000xe 
decanted, 


fuged at 


They were 
he 
hy iluronidase,”* 
The 
filter, 
stored at 


Waring blendor 
for 
treated 


x G 


one hour supernatant 


with and cents 
tor 


hour 


ome supernatant 
was filtered through 


tubes 


poured in 


in 6-mil. amounts, and 


of 


awihe 


extracts comprised 
to 40 
toxicity, 
group before 


prepared fre 


Preparation 
of 


two ge 


embryos, 30 days and 6 
of 
from the 


Extracts 


groups 


to 70 days possible live 


were removed latter the 


mineed were also 


to 70-day-old 


were 


60 embryos from 
kidneys of 


t-week-old 


lung, 
40-day old 


liver, 


kidney and from 10. to 


bryos and of pigs 


Other materials tested for growth-promoting 


tivil 


n swine kidney cells were amnionie fi 


40) 


to 60 
fluid 
fluids 


tubes 


to 70-d 0 


of al ne 


surrounding 30 md 
bryo nd 
fetus 
filtration 


Difeo wh 


bovine 
The 


vine 


by tored in 


extract 
suspension of yer 
then the 


ind iperi 


03 Sela filter, poures 


md stored t 


1 pH nea 
er 
— 
| 
eal \ 4 
t extraet firat trif 
fant 
psinizer mar ] llanh 1 4 
erul na Hays 
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eillin and O.1 mg. of milliliter 
Control of pu 
the volume of 1.4 per cent 
ith COs. The 


satisfactory pH 


streptomycin per 
wis necomplished by variation of 
NaHCO, added 
phenol red in Hanks’ 6 
Mi rek’ 


and 
eration 


served as indicator 


NaCl was used in BSs8 


biological 


the mediums were sterilized separately either by 


autoclaving or filtration through a Selas 03 
lnin filter The 


to that already 


pores 
similar 


Fil 


filtration system used was 
described by Bryant ef al 
under 10 Ib. of 


containing 5.0 per 


tration carried out 


wis 


from compressed air cent CO. 


Complete mediums could be conveniently prepared 
combining the de 
included the addi 


were aerated 


with experimental variables by 
sired sterile components which 
deseribed. All 
per cent CO 
distributed 


tives already mediums 
filtered 5 
fore they 

Culture 


12- by 


with in compressed air be 


were to culture vessels 


consisted of 


with 


vessels 


tubes 


Culture 
test 


la. 


75mm. pyrex sealed 


One culture me 


these 


milliliter of 
added to 


incubated at 37C. in 


stoppers 
dium with cells woes 
tubes They 
racks at a 


Culture 


suspende 
were wooden 
gree angle 

tubes, glassware, and materials coming 

fluids 

hexameta phosphate 

The 


been 


in contact with tissues or tissue culture (1% 


were cleaned with sodium 


(Calgon) and sodium metasilieate particu 


lar procedures used have already deseribed 
by Seherer 
Knumeration of 
cell 
the cell 


with 


Cells 


quantitativels 


Surviving and growing 
evaluated by liberating 
staining the nu 


them 


were 


nuclei with citrie aeid, 
and 
The 


served as the basis for 


erystal-violet dye, counting 


direetly in a hemuacytometer. method de 
Sanford ¢f al 


Citric 


seribed by 
the 
M, 


acid was used at a 
by Parker ef al 


more 


technique used 


following the suggestion 
that higher concentrations of citrie ae id were 
effective Direct 
sin-dispersed cells were 


cell 


counts on tryp 


in freeing nuclei 
made as a basis for 


tion of before inoeulation of 


tubes 


PrRocepURES AND RESULTS 


Initial experiments to grow trypsin-dis 
pyrex 
were begun using swine serum SWA as the 
primary This 
based on the suggestion by Hanks 


persed swine kidney cells on glass 
Was 


that 


source of nutriments 


dilute serum alone may suffice for the con 
production of 


tinuous several malignant 
cell 
Selection of a 


were also made early 


strains 
and level of 
in the experimental 


serum 


BSS 
program, A comparison was made between 
Hanks’ and KEarle’s in 
ence of 30.0, 40.0, 50.0, 60.0, and 70.0 per 
without an 


pres 


cent with and em 


bryonic extract (et 


SWA serum 
which was added at a 


NDERDAIHLI 


Constituents of 


pre assure 


SABINA 


level of 2.5 
488 was based on average nuclei counts of 
$45 tubes for each pss. Hanks’ Bss, includ 
ing all levels of serum, held an advantage 
ratio of 1.17 in mediums without EE 
an advantage ratio of 1.25 with Er 


per cent. The comparison of 


and 
present 
Results of these comparisons were used as 
the 10.0 per cent of 
serum desirable level 
Hanks’ 

Establishment of 10.0 per 
cent of the trypsinized cells on glass, simi 
lar to that experienced by Younener 
also observed. An arbitrary inoculum of 
1x 10° per milliliter of medium 
chosen. Results were similar with cells in 


SWA 
with 


basis to select 


the most 
only 5.0 to 


was 


cells was 
cubated statically and rotating ten cycles 
per hour culture 
lected number of 
could be the 
available 

Tissue 


Use of static WAS Se 


larger tubes 


with 


because a 
handled equipment 
Extracts None of the tissue ex 
tracts used stimulated growth to a marked 
extent as determined by nuclear counts on 
seven, 14, and 21 days after inoculation of 
with 1x 10 kid 
ney cells. Embryonic extract from 30- to 
40-day-old 
stimulatory 


tubes trypsin-dispersed 


embryos essentially 


The 


consisting of 


was hon 


ratio of viable ceils in 
Hanks 10.0 
per cent serum (Hf -+- 40swa) and the same 
medium plus EI 1.0:0.9. It not 
likely that failure of ke to. stimulate 
growth was due to treatment with hyalu 
ronidase, since untreated EI 
tio of 1.0:1.0. Embryonic extract was used 
at 1.25, 2.5, 3.75, pel levels 
Results with be from 70-day-old embryos 
were similar with a 1.0:0.8 

Results with extracts of lung (11 
60- to 70-day-old embryos were similar to 
those obtained with ee. Ratios were 1.0:1.1 
for comparison of and 
+ LI 

The other prepared from 
kidneys and livers of the same embryos 
showed evidence of inhibitory or toxie ef 
fects upon trypsin-dispersed kidney 
the medium 
for the kidney extract (KI 
the liver extract. Kidney 
30- to 10-day old 
week-old were 
growth of kidney cells 


mediums plus 


Was Was 


had a cell ra 


and 5.0 cent 
ratio of 
from 


two extracts 


cells 
were 1.0:0.4 
and 1:0.1 for 
extracts from 
from 3 
more favorable to 
Both had ratios of 


Ratios to basal 


embryos and 


pigs 


Although an EF 504 r ent ' d, 5 mil. was 
ndded per 100 mil the 
All figures for ie extracts 


corrected 


for will be so 


presented 


= 
=o 
We 
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1.0:1.2 the 40swa 
basal medium. 
Growth Stimulants 
were incorporated into the 1 
attempt to stimulate growth. 
were trypsin, cobalt, yeast extract, 
lactalbumin enzymatic hydrolysate 
Trypsin (Difco) was added to a H 
10swa + EE basal medium at level of 1, 
10, and 100 mg. per milliliter of medium 
and incubated overnight at 37C. These 
mediums were stored at 4C. until used to 
inoculate tubes with trypsin-dispersed kid 
1 mg. per milliliter 
mediums that 
affected. Ratios 
respectively, 


on comparison to H + 

Several materials 

mediums in 
pon 

an rhose 

used 


and a 


Levels above 
changes in the 
unfavorably 
basal medium were, 
1.0:0.2, and 1.0:0.1 
Cobalt nitrate was added to a H 
4OSWaA EE basal medium Co** in 
concentrations of 0.1, 1.0, and 10.0 pg. per 
milliliter The lesser concentrations of 
Co’ were neither stimulatory nor inhibi 
tory, whereas the 10 yg. per milliliter level 
definite inhibition of cell growth 
1.0:0.03 ) 
Yeast extract 
basal did 
wr luxuriant growth of kidney tissues 
was 1.0:0.8. Yeast extract levels 
0.1, 0.25, and 0.5 per cent were used 
highest level associated with se 
granulation by three weeks 
mediums comprised of 
different serums with and without 0.1 per 
yeast extract a 1.0:0.9 ad 
to the mediums in which yeast ex 


ney cells 
caused sO 
growth 
to the 
1.0:0.8, 


was 


as 


caused 
(ratio, 


H 
rapid 


The 


additive to a 


promote more 


as an 


not 


ratio 
0.05, 
the was 
vere of 
Comparison of five 


cells 


cent disclosed 
Vantage 
tract 
Lactalbumin 
fested a definite stimulatory effect 
trypsin-dispersed kidney The 
tive cell populations obtained are 
table 
Addition 


LOSwa 


was absent. 
hydrolysate (LA) mani 
on 
rela 
shown 


LA to a Hu 
stimulated 


of 0.5 cent 


medium 


per 
basal markedly 


i—Relative Populations of Swine Kidney 
Lactalbumin 


TABLE 
Cells in Mediums with and Without 
Hydrolysate 
No. of cells x 10 
LA absent 


Experiment H 
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14 7 14 21 
SWINE SWINE SWINE S. 
(NEWBORN) 


(YOUNG) (ADULT) 


HORSE S. 


BOVINE S. 
(ADULT) 


BOVINE S. 
(NEWBORN) (ADULT) 
TIME iN DAYS 


Fig. 1—Effect on growth of swine kidney cells by 

serums from different species of varied ages. Me 

diums consisted of addition of 5 per cent serum to 
a Hanks’ lactalbumin basal medium. 


growth of trypsin-dispersed kidney cells 
as shown by the ratio of 1.0:8.0 on count 
of 21-day-old te, Reduction of the serum 
to compare H +OSwWA to 1) + Dswa + LA 
indicated that with 0.5 
per cent LA better growth 
medium for cells than the 
H + 40swa (ratio, 1.0:3.2 
Age of Direct compar! 
of the influence of of the 
donor on cell population was not 
Tissues from several pigs of different ages 
should have been trypsinized and used to 
initiate To on the day but, be of 
limitation of teehnical help and fueilities 
this was not done. An indireet comparison 
was possible, however, with cell popula 
derived from different-age host tis 
in an DSWA + LA medium 
in different experiments. Tissues were ob 
tained from pigs from 1 day through 7 
weeks old The cell population resulting 
from inoculation of 1x 10° tube 
was essentially the regardle age 
of the donor cells for 
lation the younger 


5.0 per cen) serum 


present Was a 
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medium 


7 Donor 


basal 


son age tissue 


made 


same 


tions 
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cells per 


same ol 


tissue Fewer mocu 


were obtainable from 
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['rypsinized swine 


ol Donor 
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diluted 


mediums H 


and N Serum 


basal medium were 
10° per milliliter 
H + Dswy + LA, H + OsSWA LA, 
LA, and 


seeded 
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400, 


~ 
3-200 


2x10 


42 ‘4 


2 NO SERUM 


‘ 
Fg HORSE 


' 
BOVINE S. SWINE 
TIME IN DAYS 
Fig. 2—Effect on growth of bovine kidney cells 
by serums from adults of different species. Medi- 
ums consisted of a Hanks’ lactalbumin basal me- 
dium with addition of 5 per cent serum. 


these suspensions immediately after their 
final dilution. Nuclei were made 
seven, 14, and 21 days after seeding. Re 
sults based on nuclear counts on three 
tubes at each interval in replicate experi 
ments are shown (fig. 1 

Newborn swine serum 
of 5.0 per cent in a H 
failed to support significant 
trypsinized swine kidney 
with serum from 4-week-old 
were not much better. Adult 
(swa) did support growth as did newborn 
bovine (BoN) and adult bovine 
rums. Growth was better with both of the 
bovine serums than with the adult swine 
serum. Adult horse serum (oA) at a 5.0 
per cent level was not satisfactory in an 
H-+-LA basal medium for growth of swine 
kidney cells, 

An evaluation of the effect of the species 
of serum donor on the growth of trypsi 
nized bovine kidney cells was also made 
The conditions of the experiments were the 
same as those with swine cells. Results are 
given (fig. 2) 
growth 


counts 


(SWN at a level 
LA basal medium 
growth of 
Results 
(Swy 


serum 


cells 
pigs 


swine 


(BOA) 


medi 
fair 
eon 


with 
and 


was obtained 
bovine 


with 


(iood 
containing serum 


obtained 


LIDS 


growth mediums 


Was 


4 


' 14 7 14 
NO SERUM |% SERUM 2% SERUM 5% SERUM 


10% SERUM 20% SERUM 40% SERUM 60% SERUM 
TIME IN DAYS 


Fig. 3—Relative cell populations of swine kidney 
cells grown in mediums containing different con- 
centrations of swine serum. 
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taining swine serum. Results with horse 
serum were not satisfactory 

Serum The percentage 
of serum added to a H+1LA basal medium 
which would stimulate growth of 


swine kidney cells was determined for both 


Concentration 
ot 


swine and bovine serums in the same rep 
licate experiments. In the three 
experiments, cells were prepared from the 
kidneys of 1 pig and suspended in a 1 x 10 
concentration in a H-+-LA medium 
Tenfold dilutions of suspensions 
were made in each of the mediums contain 


each of 


basal 
these 


ar 
2% SERUM 


1 
1% SERUM 


NO SERUM 5% SERUM 


/ TUBE x 


~ 


10% SERUM 20% SERUM 40% SERUM 60% § 


CELL NUCLE 
- 
° 


TIME IN DAYS 
Fig. 4—Relative cell populations of swine kidney 
cells grown in mediums containing different con 
centrations of bovine serum. 


10.0, and 60.0 
A tenfold 
the 


ing 1.0, 2.0, 5.0, 10.0, 20.0, 
per cent swine or bovine serum 
dilution of 
H-+-LA basal medium 
Results obtained with 
trations of swine serum summarized 
(fig. 3). The H+La medium was 
unable to support growth of swine kidney 
The 


nuclei at seven and 


cells was also made in 


different concen 
are 
basal 
presence of small numbers of 
14 days was due to 
cells which had adhered to the tube wall 
and had not autolyzed. Cells in mediums 
containing 1.0 and 2.0 per cent serum be 
haved similarly. There was some 
tive effect obtained the 
the serum. The medium containing 5.0 per 
cent serum supported growth of swine kid 
ney cells although the cell populations ob 


cells. 


protec 


from presence of 


tained were relatively small. Good growth 
was obtained with mediums of 


Optimum 


10.0 or more 
growth 
obtained 


per cent swine serum 


within 
with 20.0 per cent serum 


these experiments Was 
Swine kidney cells also grew with H+-La 
different 


Results of these eX 


mediums containing concentra 


tions of bovine serum 
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SWINE 
periments (fig. 4) are similar in many re 
spects to those obtained with swine serum. 
One obvious difference was the characteris 
tic of small amounts of bovine serum, 1.¢. 
1.0 and 2.0 per cent, to have a more pro- 
nounced protective effect on trypsinized 
swine kidney cells than was given by swine 
serum, These concentrations of bovine 
serum were not capable of supporting 
growth of swine kidney cells. Mediums 
with more per cent bovine serum 
were capable of supporting growth 
growth was obtained with 40.0 per 
bovine serum. Suppression of growth oe 
curred in mediums containing 60.0 
cent serum 


5.0 or 
sest 


cent 


DISCUSSION 


There is a fundamental difference in the 
way trypsinized swine and bovine kidney 
cells grow. Cells from both sources begin 
growth as islets scattered over the lower 
surface of the culture tube as fixed for in 
cubation. Bovine continue growth 
and the islets become confluent to form a 
continuous sheet of epithelial cells. These 
cells grow in such close proximity that 
moderate bulging of the sheet surface will 
occur in heavily populated tubes or flasks 
This is characteristic even though kidneys 


cells 


of very young bovine fetuses are used as 
Although tissue cultures 
from young bovine fetuses are predomi 
nantly made up of fibroblasts, islets of epi 
thelial cells do develop but become a part 
of a continuous sheet of cells on the glass 


a source of cells 


surface 

It has been our experience that swine 
kidney cells do not form continuous sheets 
when grown on glass as is characteristic 
of bovine kidney cells. Even though a 
large population of cells is grown within a 
limited area, there are more or less distinct 
boundaries separating the islets of growing 
cells cultures originating from 
swine kidney also contain a much larger 
fibroblasts than those origi 
Distinet epi 


Tissue 


proportion of 
nating from bovine kidney 
thelial islets among fibroblasts do not oe 
cur. Instead, fibroblasts and epithelial 
cells tend to be intermixed 

Our primary interest in culture 


tissue 


is the use of cells as hosts for the study of 


host-parasite relationships with swine vi 
ruses 
of antibody in the 
nance mediums is desirable 


and mainte 
It was hoped 


growth 


For this type of research, absence 
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that serum from newborn pigs which had 
not nursed would adequately support 
growth of swine kidney cells. Had this 
been so, this serum could have served as 
the source of nutriments for cells before 
and after addition of virus and no mainte- 
nance medium would be needed 

Use of serums from other species which 
may lack antibodies to the viruses being 
studied has a_ theoretical disadvantage 
Viruses are intracellular parasites and 
their metabolism is often indistinguishable 
from that of the growing cell. Theoreti 
cally, highly specific viruses may need nu 
triments for their reproduction which are 
not available in serums of other species 
The answer for current would 
seem to lie in use of serum from adults of 
the which have 
managed in a manner precluding exposure 
to the virus under study. Eventual devel 
and use of completely synthetic 
mediums which will support growth of 
cells and virus would be the ideal answer 
to the problem of antibody or inhibitory 


studies 


homologous Species been 


opment 


substances 

Cells grown from trypsinized swine kid 
glass consist of a mixture of cell 
types Use of this type of tissue culture 
in study of animal viruses is justified by 
expediency. Considerable exploratory re 
search can be conducted with such a 


ney on 


SYS 
tem. Basic research on host-parasite rela 
tionships, however, had best be done on a 
quantitative basis which would involve use 
of pure cell Numerical values for 
cells, virus particles, and antibody would 
place more authenticity on results obtained 


lines 


in host-parasite studies 

It is quite possible that so-called host 
specificity of many viruses 1s based on the 
cells which the must attack in or 
der to reproduce themselves Inability ol 
such viruses to establish themselves in for 
be due 
must 


Viruses 


eign hosts to absence of the 


may 


specific cells they attack or occur 


rence of those cells in such small numbers 
that inapparent infection occurs. Location 
and identification of such cells followed by 


cell 


lines would open new horizons in the study 


their isolation and cultivation as pure 


of host-parasite particularly in 


the field of virus research 


systems 


SUMMARY 


Growth of trypsinized swine kidney 


cells on glass in static tissue culture was 
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studied. Potential nutriments from a va- 
riety of sources were evaluated for their 
relative usefulness in growth mediums 
Swine embryonic extracts; extracts of 
fetal lung, liver, and kidney; and swine 
and bovine amnionic fluids did not in 
crease cell growth when added to a basal 
medium comprised of Hanks’ 
salt solution and 40 per cent swine serum 


balanced 


Addition of Co’ or yeast extract or treat 
ment of mediums with trypsin was also 
without effect. Definite stimulation of 
growth resulted from addition of an en 


zymatic hydrolysate of lactalbumin 

Evaluation of the influence of 
made in a Hanks’ lactalbumin 
Serums adult 
nutriments for swine 


SCTUTIS 
WAS basal 
medium 
cattle as a source of 
kidney cells were preferred to serum from 


from swine and 


the young of those species, and also pre 
ferable to horse serum. Five per cent se 
rum found 


cells but larger cell populations were ob 


was necessary for growth of 


amounts of serum 


Optimum 


tained when greater 


were added to the basal medium 
levels were 20 per cent swine serum and 40 


per cent bovine serum 
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Cytopathogenic Effects of Hog Cholera Virus on 
Embryonic Swine Tissues in Vitro 


D. P. GUSTAFSON, D.V.M., Ph.D., and C. M. POMERAT, Ph.D. 


West Lafayette, Indiana 


RECENTLY, We reported 
in primary explant tissue cultures derived 
from a pig infected with hog cholera virus 
(Hcv). The possible utility of such changes 
in research prompted this 
effort to find whether cytopathic changes 
would develop in primary explant cultures 
of embryo origin following m vitro expo 
sure to Hcy. Such findings would preface 
an effort to establish cell 
origin which would support the growth of 
virus and show eytopathic changes due to 
The use of subculturable cell 
cultures would reduce or eliminate the ob 
jectionable features inherent in the use of 
primary explant eultures such wild 
viruses’” and masking of cytopathogenic 
effects by 


cytopathic changes 


diagnosis and 


strains of swine 


its presence 


as 
antibodies 
MerHops 


MATERIALS AND 


Swine Embryos.Gravid uteri containing em 
bryos 10 to 20 em. long were selected at random, 
from a packinghouse,* without knowledge of the 


history of the sow. 


Tissue Cultures.—Tissue cultures were prepared 
as previously described However, in the third 
trial, the medium consisted of 50 parts swine amni 
onie fiflid, 45 parts Gey’s balanced salt solution 
(pss), and 5 parts mm)0 (the supernatant fluid 
from a mixture of equal parts of ground 9-day-old 


1,000 units 


were 


chicken embryos and Gey’s Bss), and 
of penicillin 
pared for 
distributed 
the first three 
of fluid by means of a 
the fourth fifth 
plished by placing 1.0 ml. of virus material or of 
fluid 10) of 


giass containing the tissues 


Tissue cultures 
in the 
1). The 


exposed to virus in 


per milliliter 


involved study 
table 


were 


five trials 
in 


10 
Expo 


shown cultures 


“us 
trials 


ME. micropipette 


sures in and trials were accom 


control with a ml Gey’s in a 


BRAS 


watch prior to 


being implanted in plasma clots. Cultures in the 


were exposed to Hcv according to the out 


table 2 


trials 


line 


the Purdue 
the 
Uni 
Pomerat) 
of 


Veterinary 
Ind 


Tissue Culture 


Department of 
West Lafayette 
of 


Texas 


From 


Sci once 


University (Gustafson ) and 


Anatomy Laboratory 
Medical Branch) 
supported 
No. Nonr-1598(01) 
1026 of 
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Rabbit Spleen katract This was supernatant 
fluid of a mixture of ground rabbit spleen and 
(iey’s BSS——-equal parts by volume The spleen had 
been obtained from a normal rabbit and stored at 

IS, for five days 

Virus rhree strains of virus (HOV) were used 
A virulent strain (VV was used in amnionic fluid 
urine, and whole blood from experimentally in 
fected swine The ‘‘rabbit modified’’ (aM virus 
and the virus ‘‘modified in vitro’’ Mv were 
used as received from commercial sources 

Hydrogen lon Concentrations Hydrogen ion 
concentrations were approximated by color com 
parisons of tubes contaiming tissue cultures, using 
LaMotte phenol red standards 

Microscopy Seanning of cultures daily was 
accomplished with bright field conditions, Situ 
tions which seemed to require clover serutiny were 
observed with phase microscopy Also, photo 
graphic and cinematographic reeords were made 
under phase conditions 

Staining Techniques At various intervals, ti 
sue cultures were fixed and stained in the teel 
nique suggested by Jacobson In addition, sam 
ples of control and exposed cultures of choroid 


plexus in the second and third trials were stained 


with Polak’s stain for mitochondria 


Trials 1, 2, and 3.—-The first three trials 


revealed no observable differences (with 
TABLE 1i—Number of Cultures of Each Tissue 
per Trial 
Trial number 
Tissue 4 ‘ 
Choroid plexu 160 60 
Lymph node 
Kidne 60 
Cerebellum 60 
Testes 60 
Duodenun 120 00 
Spleen 120 160 
Heart 
Liver 120 
Lung 
Lymph nodes cultured re prescat 
and prefemoral 
Virus obtained from the Hooster Veter 
torte Thorntown, Ind 
§ Virus obtained from Titman Moore ¢ liana 
Ind 
produced } Cutte Lahorate Herkels 
Calif 
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TABLE 2—Number of Cultures Exposed to Hog Cholera Virus and Age 
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POMERAT 


of Cultures at the 


Time of Exposure 


Number of cultures/age of cultures in days at exposure 
Trial number 
Tissue 2 
Choroid plexus 30/1, 30/2, 30/6, 60/1, 60/4 100/0." 
40/8, 30/9 
Lymph node 100/0.* 4100/0 
Kidney 
Cerebellum 40/5 
Testes 10/5 
Duodenum 10/5 20/2, 20/3, 20/4 
Spleen 46/1, 36/2, 30/6 60/1 100/06." 
Heart 10/5 
Liver 
Lung 40/5 100/0.* 
* Fifty were exposed each to “rabbit modified” virus (RM) and virus “modified in vitro’ (MV) 
Exposed 100 each to RM, MV, and virulent virus (VV) in whole blood and in amnionic fluid. Con 


trols were 100 each in amnionic fluid 
minor exceptions) between the cultures ex- 
to virus and the controls, either 
grossly, microscopically, or by difference 
in pil, On the ninth day of the second 
trial, choroid plexus cultures which were 
exposed to VV in annionic fluid at six days 
showed a few focal areas of dead cells, in 
creased cytoplasmic granularity and, in 
general, the outgrowths were less luxuri 
ous than those of the controls. 

Also, in the second trial, 30 cultures of 
spleen and choroid plexus exposed to VV 
virus in whole blood 24 hours after culture 
were seriously impaired or inactive after 
another 24 hours. These cultures were ap- 
parently affeeted by the blood rather than 


posed 


the virus, since the material was used in 
undiluted form. 
Cultures of the third trial were more 


erratic in their growth patterns in response 
to the medium, which was altered in this 
trial as described in ‘*‘ Materials and Meth 
After four days, the spleen culture 

some outgrowth, but it not 


ods. 


showed was 


nearly as luxurious as in the first two trials. 


rabbit spieen extract 


and 200 were kept as environmental controls 

At 16 days, only two of about 40 remaining 
cultures had viable outgrowths. Some of 
the choroid plexus cultures did show lux- 
urious outgrowths while in others they 
were meager. Approximately the same was 
true of duodenum cultures which yielded 
epithelial outgrowth as opposed to wander- 
ing cells, fibroblasts, and epithelium of the 
choroid plexus; the epithelium was an out 
growth of the ependyma which often 
attached to explants of the choroid plexus 

Polak’s stain for mitochondria showed 
no clear difference in mitochondrial num- 
bers or configuration between exposed or 
control cultures of choroid plexus in the 
second and third trials. 

Trials 4 and 5.—In these trials, the ex 
plants were exposed to virus in Watch 
glasses prior to their being embedded in 
plasma clots. In both of these trials, sig- 
nificant changes in the cytoplasm occurred 
in the cells of the outgrowths of the lymph 
node cultures. Ly mphocytes were observed 
to die in 6-day-old lymph node cultures 
exposed to vv virus in amnionie fluid in 


1S 


Fig. 1—Phase-contrast photographs of living cells. Normal culture of swine embryo lymph 
node showing fibroblasts arranged in a spikelike column which is considered to be endothelium 
in the process of fibroblastic transformation. x 200. 


\ C's age 
an 
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CYTOPATHOGEN 
perfusion chamber experiments when ¢in- 
ematographic records were being made. 
Evidence of similar results was obtained 
in cultures exposed during the main por- 
tion of the fifth trial. 

In the fourth trial, the lymph node eul- 
tures showed sprouts of fibroblasts and mi- 
gration of wandering calls from control 
cultures as well as those exposed to RM and 
MV viruses on the second day. At three 
days, the control and Mv-exposed cultures 
showed nice halos of fibroblastic reticulae 
which were clearly greater in amount than 
those of the Rm exposure. On the fourth 
day, the control cultures showed many 
luxurious outgrowths of spikes of fibro- 
blasts in transformations to endothelium 
which were based in the reticular sheet 
of fibroblasts. 


The culture cells appeared 


Errects or Hog Virus 
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plump and glistening with homogenous 
cytoplasmic ground substance containing 
mitochondria and a normal apportion 
ment of granules. Of the cultures exposed 
to RM virus, 36 per cent had fallen off 
the cover slips in the tubes and 72 per 
cent of the remaining cultures showed no 
outgrowths; of those that had outgrowths, 
some appeared to be like the controls. Of 
the cultures exposed to Mv virus, 14 per 
cent had fallen off the cover slips and 20 
per cent of those remaining showed no out 
growth, while 60 per cent of those which 
showed some outgrowth were markedly re 
tarded in amount in comparison with the 
controls. On the fifth day, photographs 
were taken of endothelial cells in cultures 
of the controls (fig. 1, 2, 3) and those ex 
posed to rm virus (fig. 4, 5, 6) and my 


Fig. 2 and 3—Phase-contrast photograph of living cells. Cells of figure 1 showing details of 
cytoplasm of normal embryo lymph node outgrowth. Note the amount of cytoplasm and the 


filamentous mitochondria. 


brane (c), and nucleolus (4d). 


Norma! filamentous mitochondria (a), nucleus (b), nuclear mem 


x 1,800. 


| | 
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posed to “rabbit modified” virus. 


AND C. M. Pomerat AM. J. Ver. Res 


Note the spheroidal mitochondria wiih clear halos and the 


reduced cytoplasmic volume. x 171. 


virus (fig. 7, 8,9). In contrast to the cyto 
plasm of the controls, those exposed to RM 
and Mv strains of virus showed large black 
granules circumseribed by clear light areas 
in the juxtanuclear zone of the cells, rep 
rounded or agglutinated 
chondria, Further, the cytoplasmic volume 
was reduced; this was evidenced by 
filamentous strands of cytoplasm clinging 
to the cover slips following retraction of 
the cell membranes. 

The fifth trial was designed to obtain 
more information pertinent to the results 
obtained in the fourth trial. The protocol 
for this trial and the distribution of fibro- 


resenting mito 


the 


Fig. 5 and 6—Phase-contrast photograph of living cells. 
the cells in contrast to those of figures 2 and 3. 
and normal filamentous mitochondrium with clear halo (b). 


blastic sprouts among the lav-old cul 
tures are shown (table 3 

The amount of outgrowth at five days 
(table 4) (ranging from none to minimal 
indicating a few spicules of outgrowth ; 
fair—indicating more outgrowth about 
a considerable portion of the margin of the 
explant; to good-—indicating a complete 
halo of outgrowth in the ¢on- 
trol groups 6 and 7. The outgrowth of 
group 1 was the best of those exposed to 
virus; however, it fell considerably short 
of the development indicated in the control 
groups 6 and 7. 

Cells of the outgrowths showed similar 


to 


was vreatest 


4 


a 


Cells of figure 4 showing details of 
Pathological spheroidal mitochondrium (a) 
x 1,800: 


+76 
Fig. 4—Phase-contrast photographs of living cells. Culture of swine embryo lymph node ex 
. 
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Ren CYTOPATHOGENIC EFFECTS 


TABLE 3—Percentage of Explants Having Fibro- 
blast Sprouts at Two Days Postculture 


(rroups 


d to RM virus 

ito MV virus 

dto VV hol 
100 exposed to VV virus in amnionic fluid 
fluid 


controls in rabbit spleen 


100 expose 
100 expose 


100 expose virus in vy blood 


100 controls 


100 


in amnion 
extract 
200 controls in nutrient medium 


environment 


reactions to the of virus of all 
types, as described in lymph node cultures 
in the fourth trial, while none of the con 


trols 


presence 


showed such cytoplasmic changes 
The juxtanuclear zone of the cytoplasm of 
endothelial cells of spikes projecting from 
the reticular sheets of fibroblasts, and the 
fibroblasts, showed many spheroidal mito 
chondria with clear, light halos about them 
The amount of cytoplasm was clearly 
than in comparable cells of control cultures 
of having 
duced, as in the fourth trial 
Two additional cell changes that are be 
lieved to be important were detected by 
of time-lapse cinematographie equip- 
ment and are best observed by this tech 
nique. Lymphocytes were observed to die 
in lymph node cultures exposed to vv virus 
This only by time-lapse 
cinematographic arrangements, although 
suggestive evidence is contained in table 4 
The normal movement of lymphocytes seen 
in normal cultures gradually decreased in 
the exposed culture and stopped in approx 
imately 12 hours, In this the 
lvmphocytes became spherical and the cells 
appeared to be reduced to about one third 
of their normal size. The cell membranes 
of the endothelial cells bubbled, in a fash 
ion quite like that observed in cell division, 
and the cytoplasm became reduced in vol 


less 


and showed evidence been re 
use 


was observed 


process, 


ume 


Following this, the cytoplasm ap 


peared much more granular. Two cover 


TABLE 


Amount of activit 


Minimal 


or Hog CHoLera Virus 477 


slips bearing cultures were removed from 
a control tube and put under each of two 
motion picture units, whereupon one was 
perfused with undiluted 
fluid containing vv virus and the other was 
perfused with undiluted 
fluid. The experiment was repeated with 
the materials being diluted 1:1,000, The 
results were approximately the in 
both efforts 

The cultures which were exposed to virus 
(table 4) appeared to show many 
which had large numbers of ** rounded-up”’ 
cells in a halo about them than did all three 
types of controls These rounded up cells 


swine ambionic 


swihe amnionic 


same 


are suggestive of the shape of dead lymph 
those cultures exposed 
to virus showed a markedly higher 
ber with extensive areas of liquefaction of 
the clot than did any of the three control 
The percentage of explants which 
dropped off the comparable 
among all groups, except for the amnionic 
fluid control group 5 

The pH of the cultures was read at two 
five, and seven days posteulture, With the 
exception of group 5, which was constantly 
higher than the other groups, there was no 
significant difference in pil the 


groups (table 3) 


ocytes. Likewise, 


groups 


slides was 


between 


The choroid plexus cultures of the fourth 
trial difference 
exposed to either RM or MV virus until the 
third day. At this point, those exposed to 
KM showed much 
ranging from explants with no outgrowth 


showed no between those 


virus less outgrowth 
to some that were as luxurious as the con 


trols in outgrowth. The Mv virus-exposed 
cultures were similar to the controls. This 
remained through the 
fourth, fifth, and sixth days posteulturs 


During the periods of observation in the 


situation constant 


fourth trial, no observable differences were 


noticed between those cultures of spleen 


4—Distribution of State of Cultures at Five Days Postculture in Percentages 


Condition of jitur 


Per cent 
l 64 
64.1 
44.0 
6 
10.0 
— 
Rounded Lag f 
frrouy or Fair Good 
7 
4 i4 4 
6 19 6 1! 
~ 
(iroupsa are t me a ndicated in table 
main itgrowtl 
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Fig. 7—Phase-contrast photographs of living cells. Culture of swine embryo lymph node ex- 


posed to virus modified in vitro. 


the contrast to that of figure 1. 


or lung exposed to virus and their respee 
tive controls, 

Subsequent trials to help confirm the re- 
sults were conducted elsewhere. These trials 
involved over 500 explant cultures of swine 
embryo lymph nodes. The fibroblast-like 
cells of the outgrowths showed changes like 


Fig. 8 and 9—Phase-contrast photographs of living cells. 


Note the similarity of this culture to that of figure 4 and 


x 240. 


those described in the fourth trial follow 
ing exposure to 1Hev in each of the follow- 
ing vehicles: swine urine, amnionie fluid, 
and a commercially prepared immunizing 
agent. The strain of virus in the urine and 
amnionie fluid was vv; in the immunizing 


agent, it was Mv. The control cultures 


Cells of the endothelial spike of 
figure 7 showing the details of the cells which are in contrast to those of figures 2 and 3. 
Spheroidal mitochondria (a) and filamentous mitochondrium (b). x 1,718, 


78 
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CYTOPATHOGEN It 
showed no cytopathic changes. Equal parts 
of undiluted serum containing antibodies 
against HCV were incubated at room tem- 
perature (25 C.) for two hours with 10° 
or 10% dilutions of the virus-containing 
materials. Cells of the outgrowths from 
cultures exposed to these materials were 
comparable to the controls 


DISCUSSION 


Evidence has been presented to show 
that cultures from swine embryo 
lvmph nodes exposed to hog cholera virus 
Hey) ‘*modified by rabbit passage’’ (RM 
**modified in vitro’? (mv), or virulent virus 
vv) in whole blood or in amnionic fluid 
showed cytopathic cyto 
plasm. These changes were not observed 
in cultures of cerebellum, kidney, testes 
duodenum, spleen, heart, liver, or lung of 
Cultures of choroid 
plexus showed a noticeable reaction in the 
fourth trials to the 
of virus, which was inconsistent, being sim 
ply an erratic pattern of outgrowth among 
the cultures, most of which were retarded 
and showed yranular 
cytoplasm in comparison to the controls 


tissue 


changes of the 


swine embryo origin. 


second and presence 


occasionally more 


Lymphocytes died approximately 12 hours 


following exposure to vv virus in lymph 
node cultures. Suggestive evidence of this 
was also developed for similar cultures ex 
posed to all strains of virus at the time of 
culture 

The first trial that there 
were no highly susceptible cells in the out 
growths from eight 
the ten eventually exposed to virus in these 
Although it was expected that 
such might be the from our earlier 
work, it was considered that there might 
well be an optimal time for the uptake or 
absorption of virus during the development 
of the outgrowth. It is likely that during 
pinocytosis virus would be taken into the 
cells from the medium. If virus were made 
available during the period of maximum 
“ developing culture, then a 


demonstrated 
source tissues among 


studies, 


case 


activity of 
maximum exposure of the cells and reae 
tivity could be accomplished 
that cells deep in the clot may escape infec 


It is possible 


tion during an optimal period, as consid 
ered by and Bang*; however, 
of clot liquefaction should expose adequate 
areas of cells to direct contact with the 
medium. The second and third trials were 
unsuccessful in demonstrating an optimal 


Gey areas 


Errects oF Hog CHOLERA 
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time of exposure in spleen, choroid plexus, 
or duodenum cultures 

Delayed exposure had been unsuccessful 
in efforts to demonstrate a cytopathogenie 
effect of Hev on either cells of fibroblastic 
reticulae or epithelial sheets. The fourth 
trial provided the explants 
from the time they were cut and put into 
watch glasses; the fifth trial was designed 
to confirm the evidence of cytopathogen 
icity obtained. The effects observed were 
largely comparable with found in 
cultures from an infected animal.’ 

The visible cellular changes were con 
fined to the cytoplasm. The 
became spheroidal; the evtoplasmic volume 
resulting in 
in the geography of the cell membranes 
These 


order 


exposure of 


those 


mitochondria 


was reduced, visible changes 
and there was increased granularity 
results were considered to be of an 
which could become useful for the recogni 
tion of the presence of nev in vitro when 


The ob 


per 


used with neutralizing antibodies 
servation of death of lymphocytes in 
fused cultures of lymph nodes was made 
through 
graphic arrangements which also provided 
record of the impact of the virus 
cells of the This ob 
made through the other 
means of observation utilized, except that 


possible time-lapse cinemato 


a vivid 
on the cultures 
servation was not 


‘‘rounded-up’’ cells were observed to bi 
more numerous in lymph node cultures ex 


(table 4 


prov ided 


posed to all strains of virus 

The 
wandering cells, fibroblastic reticeulae ana 
the attendant endothelial transformations 
and epithelial sheets of cells for virus in 
vasion. The changes were found only in 
the fibroblastic cells 
Epithelial cells from cultures of 
plexus 


exposed tissue cultures 


and lymphoeytes 
kidney, 
ependyma of the choroid liver 
duodenum, lung 


refractive to the 


and were all uniformly 


presence of virus under 


the conditions of the experiments 


SUM MARY 


In the search for a useful cytopathogenic 
effect of virus studies 
conducted utilizing about 4,400 pri 
mary explant tissue cultures representing 


hog cholera He 


were 


ten tissues from swine embryos 
The following observations were made 
1) Lymph node cultures exposed prior 
to being embedded in plasma clots devel 
oped cytoplasmic changes in cells of the 
outgrowth. The mitochondria of the jux 


450) DD. P. GusTAPSON 


tanuclear zone were changed to spheroidal 
cytoplasmic 
bub 


shape with clear, light halos ; 
volume was reduced with attendant 
bling of the cellular membranes and sub 
filamentous strands of attachment 
attach 
and there was increased granularity 


sequent 
to the 
ment 
of the eytoplasm 
served to die following exposure to 
lent Hey 

2) Choroid 


outgrowth 


glass at previous sites of 


Ly mphocytes were ob 
viru 
cultures 


plexus were re 


tarded in and showed 


rrossly 
mnconsistent 
+) 


microscopic changes 


erebellum kidnes testes, duo 


AND M 


POMERAT 


denum, spleen, heart, liver, and lung tissue 
cultures were not affected measurably by 
the presence of nev under the conditions 


of these studies 
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A Modified Assay for Vitamin B,2 in Swine Blood Serum 
G. L. FREDERICK, D.V.M., M.Sc. 


Ottawa, Canada 


investigations 
with need for a blood serum 
Vitamin B felt. Previously, 
Lactobacillus leichmannii had been used to 
whole blood from var 
ious species of animals including swine 
However, the organism, Ruglena gracilis 


the vitamin 
the 


assay 


EARLY in 
swine, 
was 


assay and serum * 


var. bhacillaris, seemed promising, 
since it was reported to be more sensitive 
and more specific * than L 
Vitamin B 
using 
perform than the previous method 
Trial with the method of 
were carried out; these revealed a low per 
centage recovery of vitamin B,, added to 
serum. Pitney ef al. the 
same method for human and re 
ported recoveries of $4 to 65 per 
They tried two slight modifications of the 
heat treatment of Ross, but found no sig 
nificant the Appar 
ently, the method of freeing the vitamin 
from the 
investigation 


more 


leichmannu for 


The assay described by Ross. 


gracilis var. bacillaris, is easier to 


> 
Ross 


swine also used 
serum 


cent 


nerease recovery 


serum protein required 


This paper describes a method that gives 
100 per cent recovery of vitamin B,, added 
to swine sertim 


XPERIMENTAL PrRocept kt 


General The appuratus, stock culture 


ind standards were with alterations the 


same as deseribed by Ross 
Robins ef al” found 


glutumi 


eent of bortl 


basal 


eoneentra 


that per 


mahe and ids in their medium 


produced better growth at the 


f vitamin B The 


higher 


tions medium of Ross 


modified saecording! 


The serum treatment was altered. The boiling 


period was prolonged from 15 minutes to four 


hours, because this improved the determination of 
ind also the 
to the 
ind 3 Centrifugation of the heat-treated, 


bas il 


recovery of erves 


(tables 1 


serum vitamin 


talline vitamin B serum 
serun 
for 


table 


serum 


medium mixtures at 


minutes was used for the same reasons 


Potassium eyanice mg./mil. of 


illowed to reanet overnight with the serum 
Contribution of t 


Service, Canada Department 
The author 

ind encourage 
Migicovek and the te 


ind. 


grateful 


ment 


Sample 


that 
Wolff «f al. for human serum vitamin B 
workers used J 


coneentration of cevanide was the same as 
used by 
howeve r, thene leichmannu 
us the organism 

The contents of the vitamin B 


tubes of 


standard ossay 
were modified to contain the 


Ross 


amount of evanide as the serum assay tubes (vid 


infra 
The inoculum cells washed to inerease the 


were 


sensitivity and aecurnaey of the method 


Beckman 


using Naon 


Titrations were performed with a 
automuti titrator, 
point of pil 
alkali 


proportional to the 


model +t 


since Ross had 


and an end 


shown that the production by gracilis 


var hacllaria is amount of 


growth and to the available vitamin B 


The tests of the individual serum treatment 


modifications performed on serums taker 
corn-soybean 


that 


from sows fed an experimental 


meal ration. The final method combined 
the modifications was tested on VO 
sows fed the 


Central 


samples of 


rum from 10 above ration and 


sows fed the Experimental F 


herd 


Specific Reasonable care was taken to prevent 


iri wine 
rations 
contamination in the initial 


bacterial or fungous 


proceedings, but striet aseptic technique was used 


sterilization of the tubes (dine 
milliliter of serum was added to a %s,- by 
etched at the 
udded if 


of vitamin B mil of 


following 
H-ineh 
level. Vitamin 


pyrex test 1O-mil 


B solution muy tbe required 00 


serum was used in thi 
studs The volume was made up to 5 mil. with 


double, tenth milliliter 
of a containing 10 
mg./100 mi adjusted to pil was added 
The tube was shaken, stoppered with nonabsorbent 


cotton, allowed to stand 


glass-<distilled water Cone 


potassium evanicde solution 


mixture wis 
overnight in the 
Five full-strengtl 
vere vided and the tubs vu 
hours The 
to 10 mil vith double-distilled 
haken and deeantes 


refrigerator 
milliliters of 


boiled for four 


TABLE 1 Vita 


min B 


Effect of 


Heat on Recovery of 
of B,./ml, of Serum*) 


j 
ré toy 
i ) 
ter. Tl 
ition of he 
‘ 
J 
; 1 
ne edges t geatior 
assietar kK ha alue 
luected 
151 


L 


TABLE 2—Effect of Centrifugation on Recovery of Vitamin B 


Hours with the Basal Medium 


Sample Method 
] Serum onl ot centrifuge 

Serum only Centrifuged 
Serum Bio (300 wwe. mi.) Not centrifuge 

i Nerum Big (300 Centrifuged 
represents a mean of two separat 


tubes and spun at 35,000 r.p.m. for 30 minutes to 
remove all coagulated protein and other precipi 
tates. Five milliliters of the supernatant fluid 
were added to 25-ml. volumetric flasks and made 
up to volume with half-strength (diluted) basal 
medium Aliquots of 4 ml. were pipetted into 
quadruplicate assay tubes and the tubes were 
plugged with nonabsorbent cotton The tubes 


were inoculated with a five- to seven-day-old dense, 


washed eulture of E. gracilia var. bacillaris and 
incubated for five and a half to six and a half 
days and then titrated 

The volume of the supernatant fluid added to 
the volumetric flask can be varied to produce the 
required dilution of the serum, 

The standards described by Ros should be 
prepared with the same amount of potassium ey 
anide per assay tube, i.¢., 0.8 wg. per tube 


RESULTS AND DISCUSSION 


When this method was used, the mean 
percentage recovery of vitamin b,, added 
to 25 samples of serum was 101.0 per cent; 
the standard error of the mean was 
The difference between 48 repli 


3.8 


average 


cate assays of serum (with and without 
added vitamin B, and their respective 
means was 6.2 per cent with a standard 
error of 0.95. There was an inverse re 


lationship between the mean assay values 


“o 
in } 
i 
> 
10.026 MeOH 
Fig. 1—Comparison of titrations of standards with 
and without 0.8 ug. of potassium cyanide per tube. 


d 


d 


FREDERICK 
from Serum Boiled for Two 
B 
Serum im 
\ I ( D 
61 i 44 
147 121 0 
1¢ 19 1 
a ‘ ma ted 4 


and the differences between replicate 
says used to compute the means. 

The mean content and the range of se 
rum vitamin B,, of the 10 fed the 
corn-soybean oil meal ration were 98 and 
18 to 153 pyg./ml., respectively; the values 
for the serums taken from the 11 sows in 
the general Central Experimental Farm 
herd were 167 and 24 to 508 pyg./ml. No 


SOWS 


TABLE 3—Effect of Cyanide (KCN) and Dura- 
tion of Boiling (Followed by Centrifugation*) on 


Determination of Serum Vitamin By (uug. of 
B,./ml. of Serumt) 
Met 
\nimal KON Ke KON KON 
18 
159 
Centrifugation at O00 rp. for minutes 
value represents a eparate assays 
ach assa ducted in quad pleat 


definite physiological comparisons be 


made between the two groups, because of 
the uncontrollec dietary regimen of the 
Farm herd. However, the percentage re 
coveries of vitamin B,, added to the s« 
rums were similar in both groups. 


The data (tables 1 and 3) indicate that 
heat periods shorter than four hours result 
Vitamin 


recoveries 


in lower determinations of 

b,, and LOO per 

of vitamin B,, added to the serum 
Centrifugation improved these two de 


serum 


less than cent 


terminations (table 2) by removing the 
coagulated protein or the other precipi 
tates that were present. The addition of 
vitamin B,, to serums C and D did not 


produce higher assay values than those ob 
tained for the This 
probably due to the combining powers of 


serums alone was 
these serums 

Reasons for the use of evanide were out 
lined by the Analytical 
tee of the Society for Analytical Chemis- 
Although the effect of cyanide is not 


Methods Commit 


tr 


— 

| 
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JULY 1957 


VirTaAMIN B,, ASSAY IN 


unequivocal (table 3), its usage in the 
four-hour boiling method is advocated 
The final concentration of cyanide was 
considerably greater than any of those 
that caused growth inhibition in the work 
reported by Hutner et al The results 
showed actual stimulation of at least the 
alkali production in seven out of ten as 
says. Typical standard curves are shown 
fig. 1). The differences in titrations were 
not due to the alkalinity of the added ey 
anide. The cyanide did not interfere with 
the sensitivity of the test. Because the 
difference in alkali production sometimes 
significantly influenced the final assay 
value, one should always use the cyanide 
treated standards 

This method did not overcome the 
‘drift,’’ mentioned by Hutner ef al., 
when large variations in serum dilution 
were used. However, since there was little 
drift between the dilutions used in this 
work (0.083 to 0.125 ml. of serum per as 
say tube) which covered the levels of se 
rum vitamin B,, of all the swine studied 
so far, this may not be important under 
ordinary conditions 


SUMMARY 


A modification is outlined for the blood 


serum vitamin B,. assay of Ross that gives 


SWINE SERUM 1833 


100 per cent recovery of the vitamin B,, 
added to swine serum and higher serum 
vitamin B,, levels. It utilizes the green 
alga, Euglena gracilis var. bacillaris, ey 
anide treatment of the serum, a four-hour 


boiling period, and centrifugation 
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Blood Changes in Swine with African Swine Fever 


D. E. DeTRAY, D.V.M., and G. R. SCOTT, M.S., M.R.C.V.S. 


Kahete, 


AFRICAN ASF) infection 
the domestie pig is similar, clinically and 
pathologically, to hog cholera, although the 
etiological agents are unrelated immuno 
logically.’ The most pronounced change 
in the blood picture of swine infected with 
hog cholera is a leukopenia.” '* Likewise, 
De Kock et al.’ postulated from prelimi 
nary observations that leukopenia was a 
frequent occurrence in AsFr, but their pub 
lished figures do not sufficiently support 
their hypothesis. The following experi 
ments were undertaken to clarify the 
blood picture in asr and to compare the 
changes with those associated with hog 
cholera 


SWINE FEVER i 


MATERIALS Merrnops 


AND 


Three Large White swine studied first, and 
then 
swine of 
All the 
Blood 


each 


were 
observations in 3 

black 
of 


tween 


the 
bred 
but 


were replicated Cross 
unknown 
pigs 
taken 


Six 


and white ancestry 
be 
from the 
hours after 
collected 


anticoagu 


European type weighed 
110 and 160 Ib 


anterior 


wis 


vena cava day 


feeding. Five milliliters of blood wer« in 
bottles stock 


The anticoagulant was prepared by 


amall dried, 
lant 
ing 1 
potassium 
anticoagulant 
at 340 
of 


containing 
dissoly 
of 
water 
stock 
dried 
the 


) Gm, of ammonium oxalate and 0.8 Gm 
100 mil, of distilled 
held 0.5 of the 


which then 


oxalate in 


collecting bottle mil, 


solution, was 


Determinations made on 


of 


slowly were 


afternoon the day collection and were as 


follows: 

(r.b 
of Hay 
dilution, which was 


to the 


millimeter 
to 3.08 


1) Erythroeytes cubic 
of blood ndded 
to make a 1 
of 


0.02 mi wis mil 


em's solution 
eapillary 


transferred by 


Neubauer 


ments pipette 


improved counting chamber 


mil 


the 


Hemoglobin expressed 
blood — the 
reading 
Pie ke dl 


as grams pet 


of acid-hematin method was used, 


being made photoelectrically 


eell volume was expressed milli 


and I’ 
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of between Department of 
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ARS, 


ful 
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Veterinary Services ast 
Parasite 
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the 
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is4 


tfrica 


W introbe 


centrifuged 


for 


meters hematocrit t 


at 


inh 


00 diameter, | || 
minutes 

4 Leukocyte 
0.1 of 
diluting fluid to make a 1 
ing fluid pel 
in distilled 

5) Differential leukocyte 


treated with Wright’s stain 


millimeter (w.b.e 
19 mil. of 


dilution 


per ¢ Ibi 
white cell 
The dilut 


mil blood was added to 
contained cent glacial acetic 
water 


blood 


Segmented neu 


counts smears 


were 
classified as 


trophils (polymorphonuclears 


all others 


were 


forms, and were regarded as 


mature 
juveniles. 
6 


rate was milli 


W introbe 


Sedimentation 
after 


expre ssed 


meters one hour in hematocrit 
tubes 
pig for five 
thereafter, th 
death \ 
total of 829 individual observations was analyzed 
the Hinde, 1954, strain of 
received a 
of 


to 


Determinations were made on each 


or six days before inoculation and, 


observations were continued daily until 


The virus used was ABI 

Each pig 
of 10°° Ld 
were subjected 
difference 
The 
by 
eurvilinearity 
fitted 


subcutaneous 
The 
of varianee to 
differences b 
dat: 
Regressions 


virus mocu 


lation accumulated 
data 


detect 


virus 
analysis 


between pigs and 


tween days, ind postinoculation 


t 


pre 


were compared Student test 


tested for 


the polynominal wa 


were and, where appro 


priate 


RESULTS 


Preinoculation Blood Picture.-The mean 
preinoculation values, together with the 99 
per cent fiducial limits and the range, are 
recorded (table 1 Significant differences 
between pigs occurred in the total leuko 
cyte counts (F == 22.9**). On the basis of 
the leukocyte counts, the swine were divisi 
ble into two distinct groups. The first group 
contained the 3 Large White pigs, and the 
second group consisted of the 3 black and 
white pigs of unknown breeding. On the 
basis of the percentage of basophils, 2 pigs 
had a significantly lower percentage than 
the Pigs 4, 5, 6 showed high 
sedimentation rates 7.8 Our 
other values fall within the accepted limits 
the liter 


and 


rest. 
for normal swine as recorded 
ature (table 2 


ith 
Postinoculation Picture The mean post 
table 
pigs 


the he 


inoculation (pt) values are recorded 


4 Significant differences between 


occurred in the erythrocyte counts 
6.13 ** reflected 


which were in 


wid 

‘ te 
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BLoop CHANGES 
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in the 
counts follow- 
ing exposure to African 


Fig. 1—The fall 
leukocyte 


swine fever. 


7, 
iSOOO 


moglobin ** 


values (F the 
packed cell volumes Pig 2 
was found to possess a significantly greater 
number of erythrocytes than the rest, Dif 
ferences between the rest were negligible 
Nucleated erythrocytes, previously absent, 
appeared in the stained smears beginning 
on the fourth day after inoculation 

A significant difference between pigs 
also occurred in the percentage of mono 
cytes (F 5.94 **). Pig 6 had a signifi 
cantly lower percentage than the others 
Significant differences between days after 
inoculation were detected the total 
leukocyte counts (F and F 
10.02 **), the percentage neutrophils 


in 


of 
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HOGS (283 


 HOGS446 


DAYS PI ASF 


(KF 2.88 **), the of juvenile 
the per 
3.34 °° 
and 6 again 
All other 
and, when 
figures, 
}) 
The 


pigs 


percentage 
neutrophils (F 36.59 **), and 
centage of lymphocytes (F 
On the third day pi, pigs 4, 5 
showed high sedimentation rates 
values remained 
pared with preinoculation 
found to be similar (table 
Total Leukocyte Count 
lation divided the 
groups, which were considered separately 
The first group consisted of pigs 1, 2, 
3. After inoculation, there 
nificant differences between 
Highly significant 
ent, however, 


constant com 


were 


premocu 
counts into two 
and 
were 
the 3 
differences were 
between days after 


no sig 
pigs 
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TABLE i—tThe Preinoculation Blood Picture 


No. of 
observa 


Method of 


measurement Mean 


Red blood count 
Hemoglobin 


6,000,000 
15 
44.6 mm 
21,400 
26,000 
16.800 
12.1% 
Juvenile neutrophils 1 


29 
2 Gm 
Packed cell volume 

Potal leukocyte count 


Neutrophils 


Eosinophils 1.4% 


Sasophils 


Lymphocytes 
Monoc 


Sedimentation rate 
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significant differe 
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tion and between the pre- and postinoc- 
ulation means (t 1.776 **, P<0.001 

The total leukocyte count remained nor 
mal on days 0, 1, 2, and 3 pr (t 1.609, 
P<0.2>0.1) but, from the fourth day PI! 
onward, a marked and highly significant 
fall oceurred (1 10.523 **, P<0.001 

The regression of the total leukocyte eount 
on days after inoculation was found to be 
curvilinear (fig. J] 

The second group consisted of pigs 4, 5, 
and 6. Pig 5 showed a marked but transi 
ent fall in leukocytes to 5,900 on the third 
day pI, but otherwise the w.b.c. count re 
mained within the normal limits during 
the course of the disease (t 0.522, P 

0.7 >0.6). Nevertheless, the changes in 
the differential counts were consistent 
with the other 5 swine. Significant dif 
ferences did not occur between the re 
maining 2 
group, highly significant differences were 
apparent between counts taken on con 
secutive days after inoculation and be 
tween the pre- and postinoculation means 

t 3.811 P<0.001 Like the first 
group, the total leukocyte counts of pigs 


pigs but, as with the first 


Normal Swine 


t and 6 remained within the normal limits 
on days 0, 1, 2, and 3 pr (t 0.783, P 
0.5>0.4) and fell significantly from the 
fourth day pr onward (t 
0.001 Again the line of best fit for the 
regression of the total lenkoeyte count on 


° 
° 
a 


days PI was curvilinear (fig. 1 
The similarity in the response of the 
leukocytes of the two groups of pigs was 


—Blood Pic 


emphasized by expressing the fall in the 
number of leukocytes as a percentage of 
the normal or preinoculation eount fig 
Z In both groups, the fall was approxi 
mately 60 per cent. The curves in figure 2 
are statistically identical (1 0.599, P . 
0.6 > 0.5 The relationship between the 
leukocyte response and the thermal reac 
tion of the inoculated pigs 1s depicted ( fig 
} Both the count and the temperature 
remained within normal limits for the first 
three days of the infection and both 
showed significant changes on the fourth 


TABLE 


day 

Pereentage of Neutrophils.—Significant 
differences in the percentage of neutro 
phils between the pigs did not oecur The 
percentage remained unchanged until the 
fourth day after inoculation (t 1.495, 
P< 0.2 > 0.] Thereafter, a highly sig 
nificant increase occurred t 6.057**, 
P < 0.001 The rise in the percentage of 
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PERCENTAGE OF THE PRE-INOCULATION WBC COUNT 


3 4 $s 
Days #1 ASF 


2—The percentage fall in leukocyte counts 
following exposure to African swine fever 


neutrophils was linear on time (¥==27.14 
from 37 
per cent on the third day pr to 54 per cent 
on the eighth day pr (fig. 4 

Juvenile Neutrophils.—Correlated with 
the relative increase in neutrophils was a 
spectacular increase in the percentage of 
juvenile forms (t 6.598**, P < 0.001 
The percentages of juvenile neutrophils in 
the normal pigs and for the first three days 
after inoculation were identical at 1.2 per 
cent (t 0.09, P > 0.9 Thereafter, the 
proportion increased linearly (Y==7-3-X 

19.6, r 0.97 maximum 


Increasing 


reaching a 


pars ase 


Fig. 3—Relationship between the fall in leukocyte 


counts and the rise in rectal temperature in 
African swine fever. 


WITH 
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value of 46.0 per cent on the ninth day 
after inoculation (fig. 5 All the pigs be 
haved similarly (F == 0.28 

Percentage of Lymphocytes.—There 
were no significant differences between the 
percentage of lymphocytes of the 6 pigs 
The percentage increase in neutrophils was 
mirrored almost exactly by a percentage 
decrease in the lymphocytes which 
linear on days after inoculation (¥ 
65.7 r=0.93). The 
age fell from a normal of 55.5 to 38.5 per 
cent (fig. 4 As before, the 
remained normal for the first three days of 
the infection (t 1.826, P< 0.1 > 0.05 


was 
percent 


percentage 
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PERCENTAGE TOTA 


4 

Oars Pi ase 
Fig. 4—The highly significant changes in the 
percentages of lymphocytes and neutrophils fol 
lowing inoculation with African swine fever virus 


but, thereafter, the fall was highly signifi 
cant (t= 7.004%", P< 0.001). 
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figures 
nificant 
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and 1 after exposure (1 0.48, P 4 
0.6). Thereafter, the highly significant fa 
began (F 1.06** 
the leukocyte count on days after exposure 
The fall occurred 
two days earlier in hog cholera infe 
but, thereafter, the values 
0.887, P< 04 
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reported a shift to the left in the neutro 
phils in hog cholera and Kernkamp "* re 
ported 


a reversal in the relationship of 


neutrophils to lymphocytes as hog cholera 
Shope 
mentioned that nucleated erythrocytes in 


infection progressed. Lewis and 
creased during the course of hog cholera 
infection 


ASF 


All these changes occurred dur 
infection 


ing 


Disc SSlON 
The 
of 


blood 


were 


the 
ASF 


main alterations in ple 


ture pigs infected with con 


TABLE 3—The Postinoculation Blood Picture 
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fined to leukocytes 
virtually 


The leukopenia was 
that 
ported in hog cholera infections despite a 


indistinguishable from re 
delay of two days before leukopenia was 
detectable. This be 
cause the length of the incubation period 
the of tue 
viral multiplication 


difference is 


minor 


or duration eclipse phase of 
is influenced by the 


An 


the leukocyte status of 


dose and strain of virus administered. 
of 
not 


examination 
will 
ASF 
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suspect differentiate hog cholera 
Indeed, as a diagnostic aid, a 


of be 


from 


single examination limited value 
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nile neutrophils following 
inoculation with African 
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swine virus 
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preferably daily, are 


TABLE 4—The Comparison of the Pre- and Postinoculation Blood 
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POST ATION 


Fig. 6—A comparison of the percentage fall in 
leukocyte counts in hog cholera and in African 
swine fever. 


sent a relatively greater leukopenia for an 
individual pig 
count was high 


whose normal leukocyte 
As asF infection progressed beyond the 
fourth day 


creasing! 


ri, the lymphocytes were in 
difficult to identify. Many 
showed little or no differentiation between 
nucleus and cytoplasm and often stained 
us purple blotches The blotches were be 
lieved to be cells that ruptured when the 
smears were made. The cause was prob 
ably cell degeneration leading to increased 
fragility 


observed a gradual increase 


Kernkamp'! 


in the sedimentation rate during hog cho 
lera infection but Sippel ’* found that it 
was not sufficiently reliable or definitive to 
be an aid in the diagnosis of this disease. 
The pre- and sedimenta 
tion rates reported here were too variable 
to be of any value in the diagnosis of AsF 
Kor example, pigs 1, 2, and no 
change, whereas pigs 4, 5, and 6 had tran 
high sedimentation both pre- 
postinoculation. The for the 
variations was not apparent and, if they 
resulted from faulty techniques, the source 
of the error was not determined 


postinoculation 


4 showed 
sient rates 


and reason 


SUMMARY 


Pigs infected with African swine fever 
(ask) developed a leukopenia beginning 
on the fourth day after exposure. The leu- 
kopenia was associated with a highly sig 
nificant increase in the percentage of neu 
trophils, especially the juvenile forms, and 
a decrease in the percentage of lympho- 
cytes. The leukopenia was indistinguish- 
able from that associated with hog cholera 


SCOT! 


infections. The erythrocyte counts, hemo- 
globin values, packed cell and 
percentages of eosinophils, basophils, and 
monocytes remained Sedimenta- 
tion rates were erratic 


volumes, 


normal 
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Shackling as a Factor in Ham Hip-Joint Hemorrhage 


R. L. KITCHELL, D.V.M., Ph.D.; W. J. AUNAN, Ph.D.; L. W. MURPHY, B.S.; 
D. P. MOSSBERG, B.S. 


Nt 


MANY UNPUBLISHED SURVEYS conducted by 
individual packing companies have demon 
strated repeatedly that the ham has more 
costly bruises than any other part of the 
Data compiled by Livestock 
C‘ouservation, ' show that 48 per cent 
of the ham. The 
causes Of bruises, as listed by them, ts 
follows 


ine Carcass 
Ine., 
oceur in 


hog bruises 


as 


Canes, whips, and elubs 
Kicking, prodding 

Crowding, trampling 
Fork 


Spreaders 
Other 


and nail punctures 


CAUSES 


No specific studies showing the differ 
ent types of ham bruises and their causes 
were available. In visiting various pack 
ing plants, the plant personnel constantly 
referred to a bloody spot on the medial 
surface of the ham (fig the 
frequent and most costly bruise 

They referred to this condition 
‘flank bruise,’’ ‘‘flank strain,’’ ‘cherry 
bruise,’’ ‘‘internal ham bruise,’’ and by 
many Other names. In all instances, they 
associated the appearance of the condition 
with injury to the animal during transit 
from the farm to the packing plant 

The purpose of this article is to report 
our findings (1) that this condition is not 
a conventional bruise but is due to hemor 


s most 


the 


as 


rhage into, and an escape of bloody syno 
vial fluid from, the hip joint into the 
intermuscular septums of the quadriceps 


femoris muscle; (2) that the condition is 
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Paul, Minnesota 


brought about largely by the process of 
shackling a live hog but also, to a minor 
extent, by rough handling of the carcass 
on the gambrels; and (3) that the horizon 
tal sticking and bleeding conveyor method 
of slaughtering hogs practically eliminates 
this condition.* 


MATERIAI Merion 


studies condueted b 


The 
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were 
identified as 
A and ©, the hogs 
entional wheel and 
imguinated hi 
fig. | ned 


immobilized, 


four plants 


I) In 
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and were 
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method 


plants 
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inging 
unit 
whil 
illu 


In 


ind then exs 


vertically from a rail plant 


the first ining a CO 


then 
hanging 
trated 


hogs were 
shackled fig 


vertically 


and ¢ 


similar to the method 
immobilized 
using 
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to 7 Methods 
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in except they were 


fig 
the hogs 


transferred 


plant were immobilized 
ind 


of 


then to 


bleeding conveyor (fig. 4 
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rHE OBSERVATIONS 
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RESULTS OF 
ON 


Dissection of affected hams revealed that 
the defect constantly appeared as a bloody 
spot on the medial surface of the ham, cau 
dal to the sartorius muscle and cranial to 
the vastus medialis part of the quadriceps 
femoris muscle ( fig The blood was con 
fined to the intermuscular septums and did 


By dissect 


not involve the muscle fibers 
ing deeper into the ham, a path of blood 
could be followed in the intermuscular sep 
tums to the hip joint 
revealed that the joint capsule of this jot 
had been ruptured (fig. 9 and 10). The 
rupture was usually through a thin por 
tion of the joint extend 
distally on the neck of the femur to attach 
parallel to the origin of the vastus medi 


Closer examination 


capsule which 


alis muscle 
joint capsule, the thickened iliofemoral lig 
Further ob 


The more cranial part of the 


ament, was seldom involved 
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the dorsal 


part ol the 


that 
the round ligament 


servation showed 


liga 


that 


ment which originates from the ae 


entirely 


fossa, had been torn in part or was 
free from the 
fiy. 1] The 


ligament, which originates largely 


periosteum lining the fossa 


ventral crus of the round 


transverse acetabular ligament, had not 


been torn 
blood 


unblemished hams 


present in the 


In apparently 
was 
examined, In 
had 


not 


of those 
the 
but the 
broken 

These that 
the condition was not a bruise but a hemor 


majority 


specimens, round ligaments been 


torn joint capsule had been 


initial observations indicated 


Therefore the condition was named 
hip-joint technically, 


Specimens in 


rhage 
hemorrhage’’ or, 
coxofemoral hemarthrosis 

blood 
but in 


which 
fluid 


not 


was present in the 
the 


were classified HS 


synovial 
which 
broken 


joint capsule had 


been inter 


erus of 


etabular 


from the 


ynovial fluid in the 


these 
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those in 
had 


nal hip-joint hemorrhage 
which the blood 
escaped through the Ke 
into the 
ified as **« 
Three 
mild, moderate “aii Sey or surtace 
In the 


hemorrhage, the 


and Ss) Vial fluid 
were class 
xterna morrhages.”’ 
types ol the latter were recognized, 
mild type of external 
hloody 


hip-joint 
fluid 
re mained near 
the 


was 

the 
moderate 
the 
reach 


ial 
small in quantity and 
tear in the joint capsule In 
more extensive in 
septums but did not 
the surface ol the ham In the 
the blood hed the 
ham The appearance these 
the 


as flank 


type, it Was much 
intermuscular 
severe type, 
the 


sug 


had rea irface of 
vested various packinghouse terms, 
bruise, ete 
Dissection of six atex-injected 
demonstrated that the blood 


this region entered through the 


such strain, cherry 
hams 


vessels in 
acetabular 
notch deep to the transverse at etabular lig 


ament (fig. 12 The peripheral branches 


Fig. 1—Conventional wheel and stirrup method of shackling hogs used in plants A and C. 
The shackling wheei is in the rear hoisting a shackled hog up to a rail (out of the picture). 


Fig. 2—Position of hogs during sticking and bleeding in plants A, B, and C. 


In each plant, 


the hogs were suspended vertically from a rail by means of a shackle chain attached to one 


hindleg. 


In plant B, the hogs were immobilized during sticking as a result of CO 


inhalation 


(fig. 3) while, in plant A and C, they were not 
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ramified in the 
round 


of these vessels 
the dorsal crus of the 

Microscopie studies of the 
blood 


coursed the 


origin 
ligame 
round ligame 

significant 
length of the 


vessels of 


full 


showed a few 

size which 

ligament 
The 


eration of the physical factors which might 


above observations led to a consid 
have been responsible for tearing the round 
ligament and the joint capsule. In the dis 
specimens, When the distal end of 
the femur was pulled caudally, the caudal 
edge of the rim of the acetabulum acted as 
a fulerum on the neck of the femur. This 
the head of the femur ventromedi 
ally, thus tearing the dorsal crus of the 
round ligament and forcing the head of 
the femur through the thin part of the 
capsule. To this phase of the 
study, radiographs were made of the hind 


sected 


forced 


“assist mn 


quarters of a hog in a standing position 
which had been chilled 
fixed in’ a shackled positiont 


and of a 
and thus 
fig. 13 

In order to 


Carcass 


measure the angle of the 
coxofemoral joint as accurately as 


radiograph 


Poss! 
ble, a line was drawn on the 
through the os coxae, using as landmarks 
the tuber coxae and the tube ischil, and a 
second line through the of the 
femur. The cranioventral inter 
section of 


long axis 
angle of 

lines then 
protractor. This angle va 
ried between 75 degrees and 90 degrees in 


these was measured 


by means of a 


the normal standing positions and was 130 
The plac 


ing of the femur at an angle of 130 degrees 


degrees in the shackled carcass 


in dissected specimens placed considerable 
tension on the round ligament and the joint 
capsule 
were torn during this manipulation 


In some instances these structures 


INITIAL Srupres or Derective Hay 


PLANTS A 


The 
tain the 


AND B 


objectives of these studies 


of the 


were 
relation hemorrhage to the hip 
structures and to deter 


related 


joint and its associated 
mine whether or not the hemorrhage was 
to the shackling procedures 

The first study 


used the conventional or wheel and stirrup method 


was conducted in plant A which 


in their hog-slaughtering operations (fig. 1 Th 


second study was at plant B which immobilized all 


hogs with CO, before shackling and bleeding (fig 


In both plants, all hams were identified as from 


Radiog 
Division of Veterinary 4 and Radiolog 


Medicin 


aphs were 


Veterinar 


B. The hog 
immobilizer. 


Fig. 3—Shackling method in plant 
has just emerged from the CO 


the shackled or 
sions on the shank produced by the shackling chau 
then the 


nonshackled limb by specific abra 


A coded mark was placed on these hams 
followed 
table where they 
and quality. All 
type of 


their normal route to the green grading 


were sorted secording to weight 


} 


hams showing the severe 
external hip-joint hemorrhage 
placed in mirate eontainer with other ce 


hams and a few unblemish controls 


to a boning tabl 


an attempt to prevent bias on the part 


TABLE i—Data from Plants A and B Showing 

Incidence of Torn Round Ligaments and Ruptured 

Joint Capsules as Related to the Type of Defect 
and to the Shackled or Nonshackled Limb 


Torn 


ament 70 


Rupture 


PLANT A SHACKLED 
With external hemorrhages 
With other defects 


Without cross defects 
rotal 


PLANT A NONBHACK 
With external hemorrhage 
With other defects 
Without gross defects 


Tota 


PLANT B HACKLED Lime 
With external hemorrhages 
With other defects 


Without gross defects 
Total 
PLANT B ONSHACKLED 
With external hemorrhages 
With other defects 
Without cross defecta 


ota 


1933 
= 
» 
ax 4 
| 
“4 
i 
St. Paul, Minn ‘ 16 


$94 


research team, one member of the team placed a 


numbered tag on each ham and reeorded the loen 
tion and extent of any defect on the surface of 
the ham He then supervised the 
and reeorded all internal defects rhe 


related to the 


removal of the 
left 


amined by the 


ment 


Closely jomt were 


author 


tures 


intuet specimen was then « 


senior without knowledge as to whether or 


not a been present on the sur 


the shackled or 
this 


hemorrhage had 
whether it as from 


Data 


fuce, oF 
nonshuckled 
eluded 
hip 
tion of the 
into the 


limb recorded at time in 


umount of hemorrhage surrounding the 


joint Cexternal hip joint hemorrhage condi 


joint capsules, amount of hemorrhage 


synovial fluid of the joint eavity in 


Mt RVHY MossBeRrG 


ternal hip joint hemorrhage ind condition of the 


ligament 


round 


INITIAL STUDIES 


RESULTS OF 


In plant A, 88 per cent of the hams and, 
in plant B, 97 per the 
external hip-joint hemorrhages were from 
the table 2 


associate shackling with the production of 


cent of hams with 


shackled limb These data 
external. hip-joint hemorrhages 
There 


round 


Was al association between torn 


capsules 


table 


ligaments (or ruptured 


and external hip-joint hemorrhages 


Fig. 4 to 7—The CO. immobilizer and horizontal sticking and bleeding conveyor used in plant D. 
Figure 4 shows the hogs entering the CO. immobilizer; figure 5, the immobilized hogs at the 
exit of the immobilizer; figure 6, the method of positioning and sticking the immobilized hogs; 
and figure 7, the retainer belt and the killed hogs just before they enter the washing tanks. 
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TABLE 2—Summary of Data from Table 1 Show- 
ing Incidence of External Hip-Joint Hemorrhages 
in Plants A and B as Related to Shackling 


Shackled 


3 In plant A, 89 per cent and, in plant 
B, 99 per cent of the hams with hip-joint 
hemorrhages also had a liga 
Also, in plant A, 99 per cent and, 
in plant B, 95 per cent of the hams with 
external hip-joint had rup 
tured joint capsules. A much smaller in 


torn round 


ment 
hemorrhages 
cidence of torn round ligaments and of 
ruptured capsules can be found in relation 
to the other defects (tables 1 and 3 
Examination of the totals for hams from 
the shackled and nonshackled limbs in 


plants A and B (table 1) that an 
association exists between torn round liga 


shows 


ments and shackling. The incidence of torn 
roupd ligaments is considerably higher in 
the shackled limb (plant A, &7 
69% ; plant B, 98 versus 70% Similarly, 
in both plants the incidence of 
ruptured capsules occurred in hams which 
were from the shackled leg, thus associat 
ing ruptured capsules with shackling 

The observations concerning the amount 


versus 


highest 


and character of the fluid in the hip-joint 
cavity hip-joint 
were difficult to make objectively In in 


internal hemorrhage 
stances of external hip-joint hemorrhages, 
fluid 
Apparently, move 


there little or no remaining in 
the 
ment of the joint during the dressing op- 
had forced all the fluid 


joint. The data these ob 


WAS 
joint to evaluate 
residual 
from 


erations 


from the 


servations suggest that, in approximately 


85 per cent of the unruptured joint cap 


TABLE 3—Summary of Data from Table 1 Show- 

ing Incidence of Torn Round Ligaments and Rup- 

tured Capsules in Plants A and B as Related to 
the Type of Defect 


Torn round Ruptured 


No 


hieaments capsules 


PLANT A 
External hemorrhag 
Other defects 
Without gross defects 
PLANT B 

External hemorrhages 
Other defects 
Without 


gross defect 


SHACKLING AS A Factor in Ham Hip-Jow1 


LLEMORRHAGI $95 


sules, the synovial fluid contained varying 
that there 
appreciable difference between the amount 


amounts of blood, and Was no 
in intact joint capsules of hams from the 
shackled leg as compared to the noushack 
led leg 

Studies of Hams from 
nated and then Shackled 
CO 
sanguinated in 
then shackled by 
The hams from 
control hogs which 
quinated, then 
their 


Hogs Evsangui 
In plant B, 8] 
hogs were stuck and ex 
the 
one leg, and processed 
with &2 


eXsati 


immobilized 
horizontal position, 
this series, along 
shackled, 
were identified 
shackled or 


for hip-joimnt 


were 
processed, 
from non 


as to origin 


shackled legs and examined 
hemorrhages (table 4 
This procedure did not 
the hip-joint) hemor 
rhages in the experimental animals (16% 
as compared to their controls (13% In 
both the 


ternal hemorrrhages, and all 


result in are 


duction in external 


number of ex 


which 


groups, highest 


were 


Fig. 8&—Medial surface of a ham showing the area 
where a severe type of external hip-joint hemor 
rhage appears on the surface of the ham (arrow) 


Plant > il 
4 
of 


TABLE 4—Comparative Data from Hogs in Plant B Exsanguinated Before Shackling (Ex 
perimental Animals) and Hogs Exsanguinated After Shackling (Controls) 


severe or moderate, were in the shackled ruptured capsules. The incidence of torn 


limb. The figures expressed for total ex round ligaments was significantly greater 


ternal hip-joint hemorrhages also represent in the hams from the shackled leg, al 


~ 


/ 

Fig. 9—The coxofemoral joints of hams with an internal hemorrhage (left) and an external 

hemorrhage (right). The tear in the joint capsule is distended by a small piece of wood. 
Note the blood surrounding the joint on the right 
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though there were a significant number of 


torn ligaments in hams from the nonshack 


led 


Nludies 


leg 

Hlams from Hogs Exsangui 
and then Shackled by the Front 
In plant Lb, approximately 50 CO 


of 
nated 
Legs 
immobilized hogs were exsanguinated, then 
shackled the front legs, and processed 
the 
12 times 
mals, only the presence or absence of the 
hip-joint hemorrhage was ascertained. In 
this series of 1,224 hams, only 1.4 per cent 
Ap 


internal 


by 
usual manner. This was repeated 


In the hams from these 612 ani 


had an external hip-joint hemorrhage 
proximately 85.0 per cent had an 
hip-joint hemorrhage 

Ntudies of Hogs Evsangqu 
nated and then Shackled by the Front Leqs 
and Never Suspended by the Hind Limbs 
In plant B, 20 CO,-immobilized hogs were 
exsanguinated in the horizontal 
shackled after death by the front legs, and 
processed by being suspended by the front 
This the ‘ 


from 


position, 


eliminated gambreling 


legs 


procedure whereby the carcass is suspended 


by a gambrel inserted in the hindlimbs just 
prior to cleaning the exterior of the carcass 
and eviscerating. In none of the 40 
was the capsule ruptured or hemor 
rhage found, either the intermuscular 
septums or in the joint cavity itself (fig 
14 One torn round liga 
ment was observed, but the thickened joint 


hams 
any 
in 
instance of a 
capsule and the character of the tear indi 
cated that it was an antemortem tear which 
apparently had 
time before slaughter 

Studies Conducted Plant Using a 
Sticking and Bleeding Conveyor (Plant 
D) and a Plant Using Conventional Meth 
ods (Plant C).—The following experiment 
was the of 
without im 
and that 
exsangul 
bleed 
This 


occurred considerable 


moa 


to results 
shackling hogs on a 
plant © 


with 


designed compare 
hoist 
fig. 1 
sticking and 
to 7 


an 
mobilizer hogs 
were immobilized 
nated 
Ing COnVeES or 


and 
horizontal 
plant D, fig 


on a 


TABLE 5 


ter emor 


ACTOR IN HLAM 


Comparison of Incidence of External Hip-Joint Hemorrhage in Plants ( 


Hir-Joinr HemMorriaci 


TABLE 6—Extecrnal Hip-Joint Hemorrhages 
Plant C as Related to Shackling 


t 


of 
Under this procedure, 


conveyor Was developed “as aeresult 


initial studies 


shackling was completely omitted but gam 


our 


breling was not 
One day each month for five consecutive 
ted at a 


two 


about 250 hogs were colle: 
to 

group Was 
When the 


were 


months 
buying station and allotted 
(one 


parable groups 


shipped 
to each of two plants hogs were 


slaughtered, they marked consecu 
tively by placing a number on each shank 
In plant ¢ 


the shackled leg and, in plant 1) 


marked 
the 


left 


an Was also 
leg 

The incidence of external hip-jomnt hem 
in plant © per 
in plant D All of 


the external hip-joint hemorrhages found 


table 5 Was ALA 


orrhages 


cent and, 1.9 per cent 
in hams from plant D were small, whereas 
many of those in hams from plant C were 
The incidence of internal hip-joint 


per both 


large 


hemorrhages was &).0 cent in 


plants 
(of 


external hemorrhage 


V5.0 


the 
plant © cent in 
the shackled table 6 The 


joint hemorrhages in plant D were equally 


hip-joint 


in per were hams 


leg hip 


from 


distributed between the right and left leg 


Discuss 


studies, four line of 
that the 


is primarily responsible for the production 


Krom these 


dence indicate shackling proc 


of external hip-joint hemorrhages in ham 


and D 
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cranal 
i 


hitermedve 
m ¢ 


lear in joint capsule 


SS 


Fig. 10—Drawing of the hip joint of a ham that 
had a 


n external hemorrhage. Note location of the 
tear in the joint capsule and its relations to the 
surrounding muscles. 


First is the fact that approximately 95.0 
per cent of the external hip-joint hemor 
rhages were found in hams from the shack 
led leg (tables 1, 2, 4, and 6). Second, they 
were fewer in plant D (1.91%) where the 
shackling process has been eliminated than 
in plant © (8.8%) whieh utilizes the 


Bre of acetabular a 
Ooreal crue 


Cranal 


Ventral crus 


Fig. 11—Drawing of the opened hip joint of a 

ham that had an external hip-joint hemorrhage. 

Note the torn dorsal crus, ruptured branches of 

acetabular vessels, and the tear in the joint cap- 
sule (lower arrow). 
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Mureuy 


Acetabular br 


Fig. 12— Drawings of the hip joint of a hog show- 

ing the arterial supply to the acetabular fossa and 

the different relations of the femur in the normal 

standing position (left) and extended position 
(right). 


shackling procedure (table 5) 
were reduced in plant B 
cent (table 4) to 14 per cent through 
shackling the hogs by the forelegs after 
horizontal sticking. Fourth, they were com 
pletely absent in hogs which were neither 
shackled nor gambreled by their hindlegs. 

The studies also show that a small num 
ber of external hip-joint hemorrhages are 
produced by factors (or a factor 
than shackling. 


Third, they 
from 13.0. per 


other 


This is indicated by the 


Fig. 13—Drawings made from radiographs of a 
hog in a standing position (a) and of a split 
carcass in a shackled position (b). Note increase 
in the angle of the hip joint in the shackled limb. 
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observation that in plant D> the elimi 
naton of shackling did not 
elimination of all hip-joint hemorrhages 
1.9 per cent of all hams still had the mild 
type. Similarly, in plant B, the experi 
mental procedure of shackling by the front 
legs did not eliminate all of the hip-joint 
hemorrhages but reduced them 13.0 
per cent (table 4) to 1.4 per cent 

Also suggestive of additional factors was 


result an 


from 


the presence of some mild types of external 
hip-joint hemorrhages in hams from the 
nonshackled limb (plant A, 12.0% of all 
showing external hip-joint 

plant B, 9.0% ; plant ©, 

that these would 
from the 
as from the 
would 


hemor 

500 

affect 
well 


hams 
rharres ; 
Assuming factors 
the ham shackled leg as 
leg, the results 


24.0 


noushackled 


indicate that in plant A, per 


Fig. 14—Opened hip joints from hogs shackled and 
joints from hogs neither shackled nor gambreled (right) 


SHACKLING AS A Factor in 


cent; in plant B, 
plant ©, 10.0 
hemorrhages in hams wer 


18.0 per cent; and in 
cent of all) hip-joint 
due to 


per 
factors 
other than shackling. Using this same as 
sumption and data for plant C where all 
examined (table 
9), it can be caleulated that in this plant 
0.9 per cent of all hams processed had ex 


hams of the series were 


ternal hip-joint hemorrhages due to factors 
other than shackling. This can be compared 
to 14° per shackled by 
series) for plant B and 1.9 
plant D 

The complete absence of 


cent front leg 


per cent for 


external hip 


joint hemorrhages in hams from hogs 


vgambreled on the 


hindlimbs is strong evidence that gambre! 


neither shackled not 


ing is the most outstanding of the possible 


factors, other than shackling, which pro 


‘gambreled’’ (left) compared with hip 
Note presence of blood (internal hip 


‘ 


joint hemorrhage) in the synovial fluid of the hip joints from the shackled and gambreled hogs 


“ody 4! 
ha 


500 Kircnett—AUNAN 


duce external hip-joint hemorrhages in 
hams 

These observations and data suggest how 
shackling actually hip-joint 


More ruptured joint capsules 


produces a 
hemorrhage 
and torn round ligaments are present in 
the shackled than the nonshackled limb 
Also, the hemorrhages from the shackled 
limb larger (moderate and severe 

whereas those from the nonshackled limb 
are small (mild This suggests that the 
shackling process is significant in the pro 


are 


duction of external hip-joint hemorrhages, 
not the round liga 
ments and the joint capsules, but because 
it tears them while the still 
alive, resulting in hemorrhage the 
blood vessels in the origin of the 
round ligament. If the joint capsule should 
remain intact, this result in an in 
ternal hip-joint hemorrhage. However, if 
the shock of shackling is great enough, the 
joint capsule may be simultaneously or sub 
sequently torn while the animals are still 
alive. The blood, and the synovial fluid, 
escape into the intermuscular septums 
through the tear in the joint capsule. The 
quantity of blood present, plus continuing 
hemorrhage, results in a hematoma of con 


just because it tears 


animals are 
from 


torn 


would 


siderable size. 

That gambreling is largely 
for internal hip-joint hemorrhage is shown 
lirst Is the com 


responsible 


by two lines of evidence 
plete absence of internal hip-joint hemor 
rhages when the hogs are neither shackled 
nor gambreled. Second is that the elimina 
tion of shackling (plant D, and shackling 
by the forelegs, plant 1) did not 
an appreciable reduction in the incidence 
hip-joint hemorrhages. Sug 
evidence that 
internal 


result in 


of internal 
shackling 
hip-joint hemorrhage 
number of torn 


restive may pro 


duce some 
is the larger 
ments in the shackled leg as compared to 
the nonshackled lew (tables 1, 3, and 4). 

The above observations suggest that the 


gambreling internal 


round liga 


process produces an 
follows: At the 
the carcass and 


hemorrhage as time of 
gambreling, the weight of 
the stress of dropping rapidly on the gam 
brel num 
ber of blood 


been 


large 
their 


have 


in the tearing of a 
and 


result 
round ligaments 
vessels. Although the 
bled out and their heart action has stopped, 
a quantity of blood remains in their vaseu 
When the carcass is suspended 
transferred 
the 


animals 


lar systems 
by the 
to muscles of the hindlimb and 


vambrel, its weight is 


skin 1s 
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tightened. It would appear that this could 
apply pressure to the residual blood in the 
vascular system of the ham and force the 
blood through the torn into the 
joint. If the forces applied during gam- 
breling are great enough, a few joint cap 
may torn permitting the 
bloody synovial fluid to escape and thus 
producing external hip-joint hemor- 
rhage. However, since the heart action has 
stopped, the blood extruded 
from the vascular system is relatively small 
to the quality of 


hemorrhages due to 


vessels 


sules also be 


an 
amount of 


and is not as damaging 
the ham as are those 
shackling 

In determining why certain animals (ap 
proximately 18%) develop external hip 
joint hemorrhages in response to shackling, 
whereas other animals (82%) do not, se 
eral factors need to be considered. First, a 
living animal reacts to an externally in- 
duced change in the position of a part of 
its body by muscular activity 

In almost all the joints of the body, and 
particularly the hip joint, the muscles sur- 
rounding the joint actively support it and 
resist When 
the hindlimb is stretched or moved, recep 
located in the tendons, and 
ligaments are activated im- 
pulses are directed toward the spinal cord 


external forces acting on it 


tors muscles, 
and sensory 


where they are integrated and the result 


relayed to motor neurons which send im 


pulses to the proper muscles so as to op 
the externally applied This 
reaction by the nerves and muscles is 
referred to as the stretch reflex.’’ It 
functions in such a manner that the greater 
the external 
the more stronger the muscles will be stim 
ulated to the ligaments playing 
only # passive role. Therefore the ligaments 


pose force 


force stretching the muscles, 
contract, 
surrounding a joint usually are stretched 


external 
museular ac 


only when the stress of the force 
Is not fully compensated by 
tion. This occur if the 
inherently the stress is 


great, the stress continues 


may muscles are 
unusually 
the 
cles are fatigued, the stress occurs too sud 
for the stretch protect the 


joint, or for some reason the stretch reflex 


weak, 
until mus 


denly reflex to 


when stress 
the 


may tear 


is unable to be elicited 
plied If the 


Comes great, 


Is ap 
stress on ligaments be 


too thes as they 
are inelastic 

In the shackled hog, any sudden jarring 
the joint 


capsule, as it 


might tear round ligament and 


usually oceurs too rapidly 
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for the stretch reflex to compensate by 
producing a muscular contraction, Other 
possible turning or 
struggling of the hog with a sudden relax- 
ation of the muscles in the shackled leg 
and, also, any incident which would result 
in the live hog being suspended for a con 
siderable period of time before sticking 
might increase the possibility of tearing 
the the would be 
come instances where CO 
immobilize the hogs prior to 
shackling, too much CQO, might 
the nervous system and interfere with the 
stretch reflex. Other factors such as vari 
ations in skeletal structure, and 
fatigue from handling before 
could theoretically be involved 

The economic significance of these de 
fects involves several The actual 
loss to an individual packing company is 
difficult to many hams 
showing these defects are boned, thus only 


factors could be a 


ligaments, as muscles 
fatigued. In 
is used to 


depress 


disease, 


shackling 


factors 


ascertain, since 


meat Is a loss 


hip-joint 


the trimmed-away bloody 
Of the hams having external 
hemorrhages, less than 20.0 per cent are of 
the severe type, thus the hemorrhage is not 
visible on the surface. Also, it is logical to 
that a certain percentage of regu 

whole 


asstime 
lar hams (cured, smoked, and sold 
have external hip-joint hemorrhages of the 


moderate and Mh ld types When constimer 


acceptance 18 considered, these may 


prove 
to be more economically significant than 
the hemorrhages found prior to selling the 
The of claims for 


hams 


product 
defect ive 


percentage 


due to this condition has 


not been ascertained 


Reports from cooperating plants have 


that the 
with external hip-joint hemorrhage 


shown loss involved in processing 


a ham 
is somewhere between $.50 and $2.50 per 
ham, ce pending upon wholesale ham val 
method of Using 


estimate of the £1.50 


ues and the calculation 


a conservative loss 
and a conservative incidence of 
for all the 
estimated loss for a plant which processes 
10,000 hams daily would be 


The annual loss 


per ham 


2.0 per cent hams so affected 


$500 per day 
due to this type of defect 
approximately 


for such a plant would be 
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$90,000 a year. On a national basis, the 
annual loss may be estimated by using the 
total number of under 
federal inspection during 1954. Based on 
52,893,863 hogs slaughtered, this loss would 
have amounted to $3,173,633 
mated « loss of $.50 per ham with any type 
of external hip-joint hemorrhage, and the 
incidence determined by this study (8.8%, 
table 4), the plant processing 
10,000 hams each day would be $440 a 
day or $132,000 a vear. During 1954, the 
would have amounted to 


hogs slaughtered 


If one esti 


loss to a 


national loss 
$4,664,000 
It is evident the 


horizontal sticking and bleeding conveyor 


from these studies that 


practically eliminates the loss from this con 
dition. It resulted in an 
defect in plant D of 1.9 per cent as com 
which 


incidence of this 
pared to &.8 per cent in plant © 
methods It eliminated 
the severe and moderate types of external 
hemorrhages. In order to further 
the external hip-joint hemorrhages 
19 per the internal hip-joint 
hemorrhages, attention wiil have to be di 
eliminating 


uses conventional 
reduce 
below 
cent and 
rected toward 
the gambreling procedure 


improving or 


SUMMARY AND CONCLUSIONS 


In studies conducted in four widely sep 
arated packing plants, evidence has been 
that 
is responsible for production of 
the external hip 
hams. Additional 
the ‘‘gambreling’”’ 


presented which indicates shackiing 
most of 
hemorrhages i 
that 


largely 


evidence suggests 
may be 
The 
also show that the gambreling is responsibl 
for production of most of the internal hip 
The sticking 


and bleeding conveyor method of 


process 


responsible for the remainder studi 


joint hemorrhages horizontal 
laughter 
ing hogs practically eliminates losses dui 


to external hip-joint hemorrhages 
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The in Vitro Growth of Hog Cholera Virus in Cells of 
Peripheral Blood 


H. W. DUNNE, D.V.M., Ph.D.; A. J. LUEDKE, D.V.M.; C. V. REICH, M.S.; 
J. F. HOKANSON, D.V.M. 


University Park, Pennsylvania 


One of the major problems in the propa 
gation of viruses im vitro is the acquisition 
of a suitable under sterile condi 
tions, at the time it is needed and at mini 
mum cost, Slaughterhouses are not always 
conveniently located, may not be slaughter 
ing the desired species or type at the time, 
and offer poor conditions under which to 
obtain sterile material. The destruction of 
an animal in the laboratory 


tissue, 


for a single 
tissue Is often expensive 

If the virus of hog cholera could be grown 
readily in blood cells, there would be avail 
able a source of cells which would be de 
pendable, convenient, and relatively 
The tissue could be obtained under 
would not require 

One animal could 


inex 
pensive 
sterile conditions 
the killing of the animal 
provide a cell source for a large number of 
continuing experiments; the cost would be 
limited to the original purchase price and 
the expense of feed and handling. This, of 
course, would be of particular value to 
the individual research scientist with mod 
It also could be of importance 


ana 


erate capital 
in commercial enterprise 


Review or LITERATURE 


For many ars, it has been known that hog 
cholera caused a marked reduction in the number 


This leu 


enused by a deere: 


of leukocytes in the circulating blood 


kopenia was shown to be 
both 


companied by a 


granulocytes and lymphocytes and was ac 


shift to immature 


young and 


forma, 

Phe idherence of the virus of hog cholera to 
cells of the 
but hemagglutination was never demonstrated 
plague 
blood by 


blood was shown by several workers 


virus in cells 
Marchorex and 


virus in defibrin 


rhe cultivation of fowl 


from defibrinated fowl 


Neweustlh 


the growth of 
ated chicken blood by Dinter and Dinter were cited 


by Traub 


Traub’ work of Dinter and Din 


confirmed the 


Authorized for publication on Jan. 5, 1957 
ZLi7 im the 


tural Experiment Station 


ournal series of the Pennsylvania 


From the Department 


erinary Science, Pennsylvania State Universit I 


Park 
The author 
sistance of T. V. Graham and I H 


ratefull acknowledge the te 


Ammermar 


ter and showed that the blood cells are not easi 


infected, the erythrocyte is not the host cell, an 
that hemolysates have a stabilizing effect on v 


further felt that the monocyte was the 


ruses. He 


cell necessary for virus growth 


MATERIALS AND MerHop 


The viruses used in these experiments were from 


two sources. One was a Michigan strain referred 
Michigan 


as the 


stored at ¢ 


to previously by Dunne al 


\’’ virus. This virus had been 


for 26 months following 46 intracranial passages 
svine passage 
Blood 


approximately Ix 10° in 
called thy 


in swine, It was passed through one 
prior to its use in this experiment virus 


thus obtained §titered 


swine The second virus, which was 
‘*Sprankle’’ 
one month prior to its first use in tissue culture 

The cells 


from the blood of nonimmunized swine, 


strain, was isolated in Pennsylvania 


used for virus propagation were ob 


tained 
to 16 weeks old. Two or more pigs were maintained 


These 


were weaned 


in is0lation as the source of normal blood 


pigs were 
4 minimum of ten days prior to bleeding 


from immune sows and 


All swine blood was obtained by bleeding from 
vena cava using a 50- or 100-ml, sy 
The blood was 
agita 
fibrin was removed by straining through 


cloth. To 100 ml 


the anterior 
ringe and a 16-gauge, 3-inch need 
placed in an S-oz, jar and defibrinated by 
tion, The 
two thicknesses of sterile cheese 
of defibrinated blood, 10 mg. of dihydrostrepto 
1000 units of erystalline sodium pen 


added 


basic eulture 


mycin and 
eillin G 

Three 
Michigan a virus, One 
of the blood, A 
leukoeytes with a minimum number of er 
vthrocytes 


were 
systems were used with the 
cells 


incorporated the 


system utilized all the 
second system 
throcytes 


with the 


The third system used only the er 


the first two basi« vatems were ised 


Sprankle virus in the second phase of this « xpel 


ment 


In cultures using all the s, defibrinated 


whole blood comprised the ll suspension, In the 


second basic svatem, where the leukocvtes were 


number of ery 


utilized with a minimum throeytes, 
separation was accomplished by centrifugation and 


leukoevt« 
third centrifugation of the 


ispiration of the serum and then of the 


layer A second and 
uspirated material removed all but approximately 


> per cent of the erythrocytes Erythrocytes as 


a sole source of cells for virus propagation were 


ilso obtained by 


the erum 


centrifugation and spiration 


ispirated ess amall 
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leukoevte laver, was 


with the 
returned in ful! volume to the cells to be 


amount aspirated 
used in 
culture. The cell suspensions of all three systems 
were diluted with an equal portion of Tyrode’s 
basie salt solution.” 

The diluted cell suspension was placed in water 
dilution bottles in 10.0-ml. quantities. To this sus 
pension was added 0.1 ml. of the virus. Cultures 
three 


pon harvest, the subsequent 


without 
passage 
When this 


were ineubated at 37 ¢ for duys 


igitation 
immediately. 


was usually inoculated 


vas not possible, the SUSPeHsion Was into 


10.0-ml, vials, sealed, and frozen until used in the 
next passage 
made 


Detection of the cultures was 


by swine inoculation. 


virus in 
Infection in the animal was 
determined primarily by a rise in temperature to 
104 F. or above and a marked drop in the total 
leukocyte count. The diagnosis of hog cholera was 
tided Ivy 


steady gait, discharge from the eyes, and diarrhea 


observations of anorexia, inactivity, un 


remperatures were taken at the time of inocula 
thereafter. 
made at the time of inoculation and in most cases 


tion and daily Leukocyte counts were 


ilaily from three to ten days postinoculation. All 
surviving animals were challenged with lethal hog 
cholera virus 

The pigs used in the virus-detection tests were 
raised at the University With few exceptions, all 
test pigs were from hog cholera-immune sows and 
before ex 


were weaned a minimum of ten days 


posure to hog cholera virus. 


Rest LTS 


In the first phase of this research, the 
serial passage of hog cholera virus in cells 
from peripheral blood was made using the 
Michigan a strain of hog cholera virus in 
cultures of defibrinated whole blood di 
luted with an equal portion of Tyrode’s 
solution. A positive test for lethal virus 
was obtained throughout 18 passages of 
the virus in the ceil culture (table 1 
Recognizing that each culture represented 


Hoc CHoLera Virus GrowTH 
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100, this would mean 
a dilution of 1x 10“ of the original virus 
at the eighteenth passage. From the fifth 
passage, where the inoculum dilution fae 
1x 10'°, it was obvious that 
virus propagation had been obtained. Cul 
tures were positive for lethal virus in sus 
ceptible swine in passages 2, 4, 5, 7, 9, 14, 
16, and 18. Titers ranged from 1x 10°* 
through 1x 10°. None of the infected ani 
mals recovered from the disease. All inoe 
ulated test animals died or were destroyed 
in a moribund condition. Although the 
Michigan «a virus had previously shown 
convulsion-producing activity, none of the 
animals infected with the cultured virus 
showed severe central nervous system dis 
The titer of the virus at pas 
defibrinated whole blood 
1x 10° 

Was certain 


a virus dilution of 1 


tor reached 


turbances 
sage 15, 
cultures, was more than 

At passage 7, when it that 
virus propagation had been obtained in de 
whole blood cultures, it seemed 
know which cells were re 
the growth of the virus 


ur 
usIng 


fibrinated 
desirable to 
sponsible for 


Therefore, cultures utilizing primarily the 
leukocytes and cultures utilizing only the 
erythrocytes were made to show compar 


Cultures utilizing the 
virus 


ative virus growth 
leukocytes were positive for lethal 
through 11 additional when in 
oculated into susceptible swine (table 2 

Cultures utilizing erythrocytes alone, how 
negative after five additional 
It was apparent that virus 
with 


PASSA 


ever, were 
serial passages 
propagation was directly 
the leukocytes in the cultures 

At passage 26, the Michigan a virus in 
both the defibrinated whole blood series and 
the leukocyte series failed to demonstrate 
lethality in inoculated swine 
injected with these culture viruses demon 


associated 


swine, All 


TABLE i—Infectivity of Michigan A Virus Propagated in Defibrinated Whole Blood Cultures 


Reactics in pigs 


No 
of Highest pos 


tive dilution 


10 
10 

l 


reaction 
dilution tested 


Leukopenia 


Passa ‘ 
‘ 
14 
te 
I J 14 
t read 
moderate reaction ' i action 
0 Died f ative pr mo ‘ 
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TABLE 2—Infectivity of Michigan A Virus Propagated in Leukocyte Cultures 


K tion in| 

f Higt ty ( n 
ti lilution he Leuh Con Dent atl 

2 10 2 

10 
) l 10 i re diarrhea l 1/4 

10) 

severe reaction moderate reaction mild reaction 


* Only dilution tested 


strated a typical leukopenia on the third 
to fourth day. A mild temperature 
and in many cases a marked diarrhea ap 
the three to four 
days, followed by complete recovery. How 


rise 
y 
succeeding 


peared on 


ever, subsequent challenge of these reco 


ered animals, with 1.0 ml. of undiluted 
virulent blood virus, subcutaneously, re 
sulted in 100 per cent mortality. At pas 
sage 3O in the defibrinated whole blood 


series, the only reactions observed in in 


oculated animals were a mild temperature 


reaction and a slight drop in the total 
leukoeyte count In the culture series 
utilizing primarily the leukoeytes, the re 


action, at passage 30, was characterized by 
a marked leukopenia and severe diarrhea 
None of this culture material produced a 
protective immunity in hog cholera-suscep 
tible None of the 
lated with material from either of the two 
Michigan A virus series were immune 
challenged with virulent 
proof of subprotective immunity 
tablished when which 
lated with Michigan A virus propagated in 
leukocytes, were protected against virulent 


swine animals inocu 
when 
virus. However 
was 
swine 


were 


hog cholera virus in a delayed serum test 


The delayed serum test for subprotective 
table 3 the fact 
hog cholera treated 
with cholera serum 
only when serum is given within a specific 


immunity was based on 
that 


successfully 


infection can be 


anti-hog 


period following infection and in sufficient 
Experimentally, this period is 
than three The 
test herein described was conducted for the 


amounts 


usually no longer days 


determination of subprotective immunity 
produced by the nonlethal virus grown in 
the leukocyte cultures, It is possible that 


animals injected with this virus culture 
may have been partially immunized but, 
when subsequently challenged with lethal 


virus, protection was insufficient to prevent 


hog cholera from progressing 


through an 
Treatment of similar animals 
with anti-hog cholera serum after the third 


acute course 


day following challenge would not be ef 
fective unless additional protection was 
provided from some other source, i.¢., ac 
tive immunity. Three pigs which had re 
ceived nonlethal Michigan a virus from 
passages 25, 27, and 24, more than three 
weeks prior to the test were challenged 
with lethal hog cholera virus. Three con 
trol pigs which had received no previous 


Subprotective Immunity Produced by an Altered Virus Demonstrated by Delayed 


Serum Injections 


TABLE 3 
(ha 
Initia 
' nt 
blood vir 
and hon nd ted 
passa 
) passa n nd ted 
anal Lon na ted 
‘ 
react 


Reaction Serun 
t da aft 

hall ha t 

( t 
‘ d 

‘ 


l ited 


nail 
2 U ndiluted 


mid reaction 


exposure to a virus of any type also were 
challenged with lethal virus 

Qn the fourth day following challenge 
after each challenged animal had 
shown an increase in temperature to 104 F 
or higher, 
to 1 animal from each of the two groups 
to 


and 
anti-hog cholera serum was given 


Serum was given on the fifth day an 
other pig from group and the 
sixth day to the remaining 2 pigs, the dos 
age being approximately 1.5 ml. per pound 
of body weight (table 3). All 3 pigs which 
previously had been exposed to the non 
lethal, culture virus 
were successfully treated when given serum 
Although 
one developed a somewhat chronic disease, 
it did not become a runt. Of the 
pigs which had no previous exposure to a 
nonlethal virus, only the 1 which received 
the virus on the fourth day survived. It 
remained a runt until destroyed 

Thus, it appeared that between passages 
18 and 22 there was an alteration of both 
pathogenicity antigenicity. The 
munity developed with this virus was not 
sufficient to protect against death from 
lethal virus without the aid of additional 
protective serum, 


each 


nonprotective, tissue 
as late as six days after challenge 


control 


and im 


The second phase of this experiment was 


designed to show the reaction of a virus 
strain from another source Sprankle 
virus 


Two SCTICS of passages were made using 


Sprankle virus in the same systems used 


CHOLERA Virus GROWTH IN 


PERIPHERAL BLoop CELLS DOD 
act ny 
Challenge 
r Leukopenia Deaths deaths 
Immune 
for the cultures previously deseribed, As 


in the first phase of this report, one culture 
system utilized both erythrocytes and leu 
kocytes, whereas the second system used 
leukocytes with 95) per cent of the eryth 
rocytes removed, Both series were checked 
for infectivity at the eighth passage, using 
to check Normal 


eounts were 


leuko 
animals 17.900 
Within five days 
after inoculation, the susceptible pigs in 
106.8 


each 


l pig 


on these 


and 18,100, respectively 


showed 


each series temperatures ol 
and 107.4 F. and a leukopenia as low as 
3,500. Both animals recovered and were 


immune to subsequent challenge with viru 
The two series were tested again 
3. The undiluted culture from 


passage 


lent virus 
al 
the series utilizing both erythrocytes and 
leukocytes produced little or no reaction 
when 1.0 ml 


These animals, however, were susceptible t 


was inoculated into swine 


subsequent challenge with virulent 
Inoculation with 
vated in leukocytes, 
of 2,500 in 1 
Their previous normal leukocyt 
counts had been 18,700 and 19,000 
tively. The highest temperature was 107.4 
in the first pig and 103.8 F. in the second 


passage 23 virus, culti 


resulted in a leuko 


pig and 6,850 in the 
other 


Both pigs recovered and were subsequently 


immune to challenge 


Passage 24 virus was grown in a 500-ml 
Roux flask containing a total of 50 mil. of 
culture with all materials in the same rela 
tive proportion as Was used in the water 


TABLE 5—Infectivity of Sprankle Virus Propagated in Leukocyte Cultures 


Rea 


TABLE 4—lInfectivity of Sprankle Virus Prop 
ere reactior 
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dilution bottles. All 5 pigs inoculated with 
this virus, undiluted, showed tem 
perature and leukopenia. All 
showed severe signs of hog cholera and 4 
of the 5 died. The fifth was immune to 
subsequent challenge. All of the following 
passages in this series were made in 500-ml 
Roux flasks 

Passage 29 of the leukocyte series was 
titrated in swine (table 5). Dilutions up 
through 1x 10°* were positive in swine and 
caused illness and death. Higher 
dilutions produced reactions and the 
inoculated pigs were subsequently suscep 
tible to challenge with virulent virus 


severe 


reactions 


severe 


ho 


DISCUSSION 


The im vitro growth of the virus of hog 
cholera in the of swine offers new 
possibilities for the study of the patho 
yenesis of this lethal disease of swine. While 
the reticuloendothelial system been 
shown to be directly involved in hog chol- 
infections,'” **® the role of the leuko 
cyte has been generally assumed to be 
simply that of mechanical transportation 
of the infectious agent to susceptible cells. 
The experiments reported in this paper 
strongly indicate that leukocytes of the 
peripheral blood not only provide a trans 
porting medium for the virus of hog chol 
era but, more importantly, furnish the 
necessary cellular requirements for its 
propagation. 

There are many factors vet to be assessed 
in this manner of virus culture. The virus 
grows well in the presence of both erythro 
cytes and leukocytes, but appears to grow 
best when most of the erythrocytes are 
removed from the system. The effect of 
Tyrode’s solution in different proportions 
was not explored. The incubation period 
in the experiments described three 
days but the optimum period was not ex 
perimentally determined. 

Two strains of virus grown under similar 
conditions responded differently with re 
pathogenicity and antigenicity. 
A strain displayed altered 


blood 


has 


era 


was 


spect to 
The Michigan 
pathogenicity and almost a complete lack 
of antigenicity in 22 passages. The temper 
ature rise, leukopenia, and diarrhea were 
definite indications of a partially attenu 
virus The lack of pro 
suggested that 
impotent. 


ated hog cholera 
tective immunity, however, 


the virus was antigenetically 


This may be understandable since the orig 
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Reicu 


inal isolation of the virus was from a pig 
dying from hog cholera during a postvac 
cination infection in 1950 when hog chol- 
era variants first were recognized. 

The Sprankle virus responded to the am 
vitro blood culture maintain 
ing both pathogenicity and antigenicity in 
the leukocyte series. This indicated both a 
difference in the two virus strains and an 
the leukocyte culture over 


assavge | 
passape 


advantage of 


the whole blood culture 
The increased virulence associated with 
use of 500-ml. Roux flasks (table 5) may 


indicate either an advantage in using the 
larger quantity of culture or a more de 
sirable gas-medium relationship 

The delayed serum technique offers a 
usable modification of the in serum 
neutralization test. The results obtained 
seemed to demonstrate clearly the existence 
of subprotective immunity. It further em 
phasizes that anti-hog cholera serum has 
little effect in highly susceptible swine 
which have been infected longer than three 
days. 


rive 


SUMMARY 


1) The hog cholera virus was shown to 
propagate culture cells from 
peripheral bloood 

2) Leukocytes but not erythrocytes ap- 
peared capable of supporting virus growth. 


using 


3) The alteration of a strain of hog 
cholera virus resulted from passage in 


blood cell culture but the resulting virus 
proved to be antigenetically impotent. 

1) Two virus strains 
differently in serial passage. The ‘‘Spran 
kle’’ strain appeared to be more readily 
adaptable to in vitro culture and showed 
** Michigan 


reacted somewhat 


less antigenic variation than the 
virus 

5) A method was shown for the demon 
stration of subprotective immunity 
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GROWTH IN PERIPHERAI 


CELLS 
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The Use of Low Level Piperazine on Pigs Naturally Infected 


with Ascaris Lumbricoides 


WILLIAM D. LINDQUIST, Sc.D. 


Kast Lansing, Michigan 


During JANUARY, 1956, an experiment was quire Ascaris normally = fr 
carried out with low level feeding of a pasture 

piperazine (polymeric piperazine-l-carbo 
* to pigs experimentally in 
fected with Ascaris lumbricoides. In that Fifteen pigs, raised on screens 
work, Lindquist * demonstrated that one rowing until introduced into this « 


dithioie acid MATERIALS AND METHOD 


tenth of a therapeutic dose of the drug per sed. Five different litters and t 
day in the feed was not sufficient to pre represented. They were about 8 
iitiatio of the experiment 
vent either respiratory embarrassment or 
\ therapeutic dose vas assumed 


liver involvement. There were no asearids = i 
: yond per kilogram of bod veigl Wi 
in the intestines in any of the pigs. This 


infective 


soon after far 


xperiment, were 


vo breeds were 
eks old at the 


to be 100 mg. 


th the pigs av 


eraging approximates 16 kg., one fifth of this 
absence of worms was explained by refer vel would allow each pig 320 mg. per day of 
ence to the work of De Boer! and Martin ictive piperazine. Considering 3 lb. of dry feed 
both of whom indicated, either by data or per pig per day, 107 mg. of act ingredient were 
discussion, the difficulty of experimentally incorporated per pound of feed 
infecting pigs with ascarids The pigs were divided into two groups at the 


Because of this failure to produce de beginning of the experiment and 
> ¢lean rooms with conerete floors 
velopment of worms in the intestinal tract ee 


one group vere fed the 
the following experiment was devised us 
2 ' moving 5 of them to the east | 
ing one fifth of a therapeutic dose per day ‘east pasture piga aa maid 
in the feed and allowing the pigs to ae throughout the experiment. The 
mals received no further | t 
Fron the Department f Microl and Put is negative control pig 
Michigan State Universit Jour group were removed to the est 
nal article \ur iltura riment 
i posit ‘ eontro Cone pig f1 
tat n 
lar ippl it of two pasture group 
the Upjohn Co K alamazoc M Ix week ifter the tur 


TABLE 1—Effect of Low Level Piperazine Feeding on Naturally Acquired Ascaris 


in Pigs 
Ir alt t. at 
| t 
i i 
( 
i 
| 
i 
! l if 
Tota 
| 
i 
i 
I rated ht 


ere kept in 
Ten animals in 
m prior to re 
ir These 5 
1 on drug 
Lining ani 

! ind served 
n the other 
ture and kept 
n each of the 
o, four, and 


ent tarted 


Infections 


| 


12 


PLATE 1 
5 to 8—Livers from pigs from west pasture on normal feed. These pigs were killed at two 
four, five, and six weeks, respectively, after the start of the experiment 
5 to 8—Livers from pigs from west pasture on normal feed. These pigs were killed at two 
four, five, and six weeks, respectively, after the start of the experiment 


9 to 12—Livers from pigs on normal feed, raised on concrete, and killed at two, four, five 
and six weeks, respectively, after the start of the experiment 


2 6 10 

| | 
3 7 T 
4 8 | 
Fig 

Fig 
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At the 
from ench pasture 


slaughtered at the 


fifth week, necropsies were done on 


One 


pigs 
control pig was 
fifth 
pigs 
pasture pigs. 

pigs 


and 


negative 
second, fourth, and week 


intervals and the 2 control were 


killed 
The contents of the 


remaining 


with the six-week interval 


small intestine of all 


through combination of 40 


HO-mesh brass sereens to recover developing as 


enrids At the time of slaughter, photographs 
vere made of the livers of all pigs to 
three groups (plate 1 The 


experiment are shown (table 1 


compare 
lesions of the results 


of the 


DISCUSSION 


The level of 
sufficient to act on the larvae 
the enteron, Since larvae 
at different intervals during their develop 
ment, the amount of drug used may not be 
active on larval stages. It is possible that 
some larvae were removed while the pigs 
were on pasture, although when compared 


piperazine used was not 
present in 


were recoy ered 


with the normal pasture controls this does 
There is also the pos 
allowed to 


not seem significant 
sibility that if the 
live and the worms to develop to maturity 
that they would have 

No feed intake 
dertaken but the drug ration appeared 
palatable. There was a difference in the 
total weight gain between the two pasture 
; there were not enough 
weight gain measurements taken to deter 
mine whether this difference was signifi- 
cant. The pasture could not be 
compared, in respect to weight gain, with 
the control group, 2 of the control 
were allowed to the six-week 


host were 


removed 
were ull 


been 
measurements 


however, 


vr 
groups 


since 
pigs live to 
period 

The relationship of worm 
liver has not often 
In laboratory infected pigs, Lindquist ? in 
dicated that liver sears occurred in pigs 
without intestinal phases of the parasite 
being present, particularly in initial single 
infection animals, Plate 1 illustrates the 
livers of 12 of the 15 experimental ani 
medicated at two, 


infection to 


SCHrS been discussed 


Livers of 
five, and six 
(fig. l to 4 
ture pigs are shown at the same weekly in 
tervals (fig. 5 to 8 Livers of control pigs 


raised on concrete and slaughtered at the 


mals 
four, 


pis 
weeks on pasture are 


shown 


Livers of control pas 


same intervals, respectively, are also shown 
(fig. 9 to 12 One or two spots were found 
on each control pig’s liver but no worms 
were recovered in the intestinal screening 


D. LinpQuist 
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On a basis of the liver illustrations, one 
might feel that the drug in some way en 
couraged production of liver sears. Such 
was not the Undoubtedly, the east 
pasture medicated group received the 
greatest challenge of worms, since for six 


Case 


years, until this year, east and west were 
one pasture with the pigs spending extra 
time near the feeder and waterer on the 

east end 
Correlation of numbers of worms recov 
ered with liver scars is difficult. The liver 
from a pig on infective pasture for five 
weeks and from which only 2 intestinal 
IS compar 


worms were recovered (fig. 3 

able to the liver from a pig on pasture six 
weeks with 85) worms from the 
intestine (fig. 4 Occasionally, one finds 
a pig with a clean liver and yet numerous 
This may possibly be explained if 
the larvae get into lymphaties and com 
pletely bypass the liver or if the larvae 
have already migrated in a small host and 
are eaten by the pig. Tiner* and Sprent 

demonstrated the development of certain 
ascarids in the without migra 
tion when the migratory phase was spent 
in an unusually small host. This appar 
ently has not been demonstrated in the pig 
but explanation for oc 
casional without liver 


scarring. 


recovered 


wortns 


final host 


offer an 
heavy 


miay 
infections 


SUMMARY 


One fifth of a therapeutic dose per day 
of polymeric  piperazine-1-carbodithioic 
acid given in the feed one week prior to 
infection and during the course of infee 
tion did not prevent migration of Ascaris 
lumbricoides larvae, nor was it capable of 
completely removing larvae from the 5 ex 
perimental pigs One can not predict from 
these data what effect this continuous level 
mature worms 


would have on 
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Studies on the Pharmacology of Sulfaquinoxaline in Dairy Cattle 


C. M. STOWE, V.M.D., Ph.D.; D. PALLESEN, D.V.M.; W. HARTMAN, D.V.M. 


St. Paul, Minnesota 


SULFAQUINOXALINE Was synthesized in 1944 
by Weijlard ef a/.,' and the chemistry of 
it and its derivatives was subsequently in 
vestigated by Stevens ef al.2 and Dux and 
Rosenblum.* The latter workers reported 
that the usual colorimetric method for 
determination of sulfonamides had to be 
modified for sulfaquinoxaline, since a non 
linear relationship exists between drug con 
centration and color intensity in the routine 
procedure. 

Smith and Robinson * conducted in vitro 
tests with Escherichia coli and found that 
sulfaquinoxaline was about four times as 
effective as sulfanilamide at the same con 
centrations, but some 32 times less potent 
than sulfadiazine. On the other hand, in 
mice infected with standardized lethal doses 
of Diplococeus pneumoniae, sulfaquinoxal 
ine was substantially more effective than 
either sulfathiazole or sulfadiazine. These 
results were explained by the fact that 
equivalent doses of sulfaquinoxaline main 
tained blood levels for a prolonged period 
of time (over 24 hours) as compared to 
sulfathiazole and sulfadiazine.*| The strik 
ing difference between in vitro and in vivo 
potency points out the fallacies of predict 
ing antibacterial potency of sulfonamides 
from in vitro studies alone 

Studies with rats showed that after in 
travenous administration, sulfaquinoxaline 
was secreted into, and retained in, the 
gastrointestinal tract... This supposedly 
provided for continued absorption of the 
drug, thereby resulting in prolonged blood 
levels. Slow elimination also was stated to 
play a part in the prolongation of blood 
levels.' A slow decline in blood levels with 
detectable concentrations 112 hours follow 
200 mg./kg 
Was reported. 

Limited studies in eattle and sheep in 
entirely different 


‘ 


ing doses of mW poultry also 


dicated an situation 


Paper scientific journal series, Minnesota Agr 
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The work 
part by a grant from 
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Medicine niversit of 


paper was 
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These species do not seem to maintain high, 
following either oral or 
intravenous sulfaquinoxaline 
Recent work shows that the drug disappears 
rapidly from the blood when intra 
venously, and that with oral administra 
tion it is difficult to attain effective blood 
Once in the body, the drug is 
acetylated to a considerable In 
the urine of experimental animals, various 
metabolites, such as 2-sulfanilyl-3-hydroxy 
quinoxaline and acetylsulfaquinoxaline, as 
well as the unchanged drug, have 
identified." Sautter and Stowe ' reported 
the presence of 3-hydroxy sulfaquinoxaline 
in the urine of cattle. The drug apparently 
is bound to a high extent by plasma pro 
teins,’* and it seems to penetrate the egg 
readily following oral treatment of 

try.’ 

Sulfaquinoxaline has found its greatest 
use in the treatment of poultry coccidiosis 
although there have been a few reports of 
its use in bovine coccidiosis,'*"" A few vet 
erinarians have used the drug in the treat 
ment of **foul foot’’ and certain systemic 
conditions in cattle. According to Eveleth 
et al.,’® good results were obtained, with no 
toxic effects, in the treatment of 
pasteurellosis. 


prolonged levels 


doses of 


given 


been 


poul 


Toxic reactions to sulfaquinoxaline are 
both Jones et al.” re 
ported muscle tremors, weakness, and fall 
ing following intravenous administration 
’ reported similar effects. Kidney 
damage was found in all cattle treated with 
sulfaquinoxaline™ ; other workers reported 
that kidney damage occurred in the rat 
and monkey when the plasma level ex 
ceeded 10 per 100 ml. Other 
effects that have reported are a 
hypoprothrombinemia and prolonged pro 
thrombin 

At the time this study 
the only available information on cattle wa 


varied and serious 


Simesen! 


my. toxic 


been 


was undertaken 
that of Jones et al.” In spite of these pre 
which 
number of animals, the 
view of the 
further studies with a larger 


vious results, were obtained in a 
small 
remained, in 


species, that 


possibility 
results in other 
number of cattle might reveal that the bo 
vine species handled the drug in a manner 


HARTMAN 


TABLE 1i—Sulfaquinoxaline Blood Levels in Calves—1.0 gr. per Pound Intravenously Ini 
tially, 1.0 gr. per Pound Orally at 24, 48, and 72 Hours 


Time M 


postadministra 


similar to laboratory animals. If such were — method.” Urine was co e manner pre 


the case, the use of the drug as a long-act iously deseribed | we ie apparent volume 
tribution was determined by the method de 


ing sulfonamide might prove feasible 
iv Marsh j at tf al 


PROCEDURE 


ilthy Holstein-Friesian calve 

ranging in weight from 100 to 10 Ib.. were Whole Blood Levels Following Intra 

After weighing the animals ippropriats Venous and Oral Administration The 

intravenous doses of the drug were given.’ whole blood levels of sulfaquinoxaline in 
Our ad wh ar 

treatment, whole blood thdraws calves are shown (table 1 following an 

xed fo ‘ ition blood and 4 

= 1 Tor prepat : “ initial dose of 1.0 gr. per pound (143.0 

tandard After treatment, oxalated blood 

mg. /kg intravenously, and equivalent 
imple were obtained at regular inter : 9 a 

oral doses given 24, 48, and 72 hours later 

ir puneture 


All ulfonamide determinations were done in Blood concentrations are shown for 5 calves 


duplicate according to the method tratton and (table 2) treated with 0.5 gr per pound 
Marshall This method is applieabl cer 71.0 mg./ky intravenously, and equiva 
ebrospinal fluid, blood, plasma, and ine (after lent oral doses 24 and 48 hours later Blood 
ippropriate dilution Acetylation was determined levels in cows are show n (table 3 following 
ifter hydrolysis with hydroechlorie acid is pre single doses of 0.5 or per pound intra 
iously deseribed.” Experience in determining sul venously. Data presented in these tables 
faquinoxalin by thi method soon revealed that 

the average recovery from whole blood and plasma are graphically repres¢ nted fig. J 

was 7 ind 85 per cent, respectively To circum Plasma Concentrations Following Intra 
vent this problem, drug standards were prepared venous Administration Kor the plasma 
for each experiment in the particular body fluid sulfaquinoxaline concentrations following 


being assayed. Standards for urine and eerebro 

pinal fluid were prepared in distilled water, sine TABLE 2—Sulfaquinoxaline Blood Levels in 
ry in these cases was virtually 100 per cent Calvee—0O.5 gr. per Pound Intravenously Initially, 

Furthermore, at drug concentrations above 7.5 0.5 gr. per Pound Orally at 24 and 48 hours 

to 10.0 mg. per 100 mi,, there is a lack of linearit 

between the logarithm of color intensit and con 

eentration, while below these concentrations the 

Lambert Bier law prevail For this reason, sam 

ples for sulfaquinoys determination were di 

luted before assay se it the final concentration 

wis within the line portion of the tandard 


curve 


Prothrombin time was determined at 12-hour 


tervals using duplicate samples 
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3—Sulfaquinoxaline Blood Levels in Cows—0.5 gr 


SULFAQUINOXALINE IN 


Dairy CATT. 


per Pound (71 mg 


Intravenously 


Intravenous doses of 0 5 gr per pound, the 
reported (table 
cows and calves 


is an over-all 
Actually, the 
average values for calves were a little lower 
initially, but slightly higher from four to 
12 hours. The difference is probably not 
significant 

Examination of the blood and 
levels in tables 2, 3, a 4 shows that the 
blood levels are plasma levels 
The average ratio between concentrations 
in blood and plasma is: blood 0.72 
plasma. At one hour after administration, 
the ratio is 0.85, decreasing to 0.62 at nine 
hours. This suggests that the drug pene 
trates erythrocytes initially but leaves the 
red blood cells more rapidly than it does 
plasma. In a sense, then, erythrocytes may 
initially serve as a reservoir, releasing the 
drug to the plasma over a period of several 
hours. 

Apparent Volume of Distribution.—This 
can be calculated in two ways. The first 
method involves plotting the logarithm of 


‘‘average’’ 


average of 


plasma 


less 


ana 
line 


plasma concentrations against time 


extrapolating the resultant straight 
to zero time. By dividing the value so ob 
tained into the dose (mg./kg.), a caleula 
tion of the distribution in 
body 
method 
bution from the plasma concentration at 


one hour and dividing this value into the 


percentage ol 
The 


consists of caiculating the distri 


weight can be made second 


amount of drug remaining in the body at 
this time, 7. ¢., urine excretion for one hour 
must be deducted from the initial dose 

It must be pointed out that calculations 
of apparent volume of distribution involve 
a theoretical concept which is open to pos 
sible sources of error. These are: (1 ho 
significant adsorption, or ‘‘fixation,’’ to 
cell surfaces and (2) uniform distribution 
throughout various body fluids, Although 
these are admittedly rather broad assump 
tions, there is no other simple way of esti 
mating or measuring tissue penetration of 
a drug. The alternate approach is to as 
say various tissues and body fluids directly 


© 


Fig. 1—Blood and plasma 
levels of sulfaquinoxaline 
in cattle. 
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TABLE 4—Plasma Levels of Sulfaquinoxaline in Cattle—o.5 gr. 
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per Pound Intravenously 


(71 mg./kg.) 


Time 
port Willis 
admini 
stration 


1119 1124 


o 

10.6 163 10.4 
2 12.5 6.1 


1.8 


10.0 10.0 10.0 


0.7 


Not analyzed due to hemolysis in plasma sample 


The technical difficulties and potential 
sources of error implicit in such procedures 
leaves much to be desired, It is felt, there 
fore, despite the potential errors involved, 
that the volume distribution concept 
worthy of application. In per 
formed by Fisher ef al., good agreement 
was noted between actual tissue content of 
sulfonamides and that forecasted by the 
volume distribution concept.** The appar 
ent volume of distribution shown (table 5) 
was obtained by both methods for 6 cows 
All caleulations are for 
total sulfonamide 

Plasma values obtained in calves enabled 
calculations to be made of the volume of 
distribution by the zero-hour method. An 
average value corresponding to 46 per cent 
of body weight obtained. Although 
this is somewhat higher than the corre 
sponding value for cows, it may be ex 
plained by the apparently greater amount 
of extracellular water “4 Sub 
stances such as sodium chloride, thiocyan 
ate, and sulfisoxazole have an approximate 
volume of distribution of 20 to 30 per cent 
of body weight, indicating little or no cellu 
lar penetration. Sulfanilamide has a value 
of 87 to 98 per while sulfathiazole, 
sulfadiazine, and sulfamerazine 
tributed in a volume corresponding to 45 
to 60 per cent of body weight.** Sulfaquin 
oxaline, with a value of 37 per cent 


Is 


studies 


based on figures 


Was 


in calves 


cent, 


are dis 


(COWS 


TABLE 5—Apparent Volume of Distribution of 
Sulfaquinoxaline in Percentage of Body Weight 


Calculated from 


Cow No () time 


1074 


1115S 


0 


14 


rame per 100 mil of plasma 


would 
to 


calves 


to 46 per cent 
intracellular 


appear 
penetrate water some eX 
tent. 

Acetylation 
acid hydrolysis of blood filtrates of animals 
treated with a sulfonamide, the degree of 
acetylation can be Krom the 
‘*total’’ sulfonamide obtained after hydro! 
vsis, and the ‘‘free”’ 
before hydrolysis, the percentage of acety 
lation can be calculated. In treated 
with sulfaquinoxaline intravenously, there 
appears to be Increasing of 
acetylation the longer the drug remains 
in the body (table 6 Acetylated sulfon 
amides are therapeutically inactive 

Wilk Levels of Sulfaquinoraline 


of Sulfaquinoraline 


obtained 
sulfonamide obtained 
COWS 
degree 


an 


Com 


posite milk samples from each quarter wer 


taken concurrently with whole blood 


ples and assayed according to the standard 


Sali 


method to determine the concentrations ob 
tained in milk (table 7 It will be 
from these values that milk levels are onk 
a fraction of the blood 
This is in sharp contrast to certain 
which milk 
represent a significant fraction of 
levels.“”) Aside from this, the presence 
sulfaquinoxaline in milk, even in low co) 
centrations, indicates limited cellular pen 
etration in the mammary gland 

Cerebrospinal Fluid Levels 
spinal fluid samples were drawn from the 
foramen magnum of calves following in 
travenous administration. Table 8 
the values obtained, along with the corre 
sponding plasma levels. By a 
of these values, it will be seen that cerebro 
spinal fluid concentrations are only 10 to 
20 per cent of the plasma levels, indicating 


seen 


whole or plasina 
levels 
other levels 


blood 


sulfonamides in 


ot 


( ‘erebro 


shows 


comparison 


that in normal calves, at least, sulfaquin 
oxaline does not readily penetrate the spi 


nal fluid. In the presence of inflamed m« 


Cow 
hiv 114 1144 1115 #20 111 \ Range 
| 11.4 6 10 1.6 7 to 16 
4 4.4 l 1L5to # 
; 2 19 14 1.0 0.6 of 0.9 0.2 14 O02to 44 
1.4 0.3 1.3 10 0 > O5to 2.7 
0.2 0.2 0.7 ( o4 , te ( 
1 hou 
40.5 17.0 
16.6 
LAD 41.0 
15 
13.2 
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TABLE 6—Percentage of Acetylation in Blood 
Following Intravenous Doses of 1.0 gr. per Pound 
(143.0 mg./kg.) 


Time Av. percentage 


ostadministration of acetylation 


6 cows 


uinges, a different situation 
us in the case of sulfathiazole. 
Urinary Excretion of Sulfaquinoraline 
Kidney excretion of  sulfaquinoxaline 
was determined by the method previously 
described.*" The volume of urine excreted 
at any one time is measured and a sampl 
is retained for the determination of sulfa 
quinoxaline. By continuing this 
over a 24-hour period, the cumulative kid 
ney excretion can be calculated. By analyz 
ing the data so obtained for each 
composite graph of urine drug concentra 
tions can be prepared (fig. 2). The total 
amount exereted in the free and acetylated 
form for a 24-hour period is shown for 
each cow (table 9 The average amount 
of the drug excreted in each form also is 
shown. Only about 50 per cent of the drug 
was excreted in the urine in the free and 
acetylated form. These determinations do 
not detect that portion of the drug, if any, 
that was excreted as the ethereal sulfate or 
glucuronide ester. In 
cows, crystals were readily apparent in the 
urine samples from zero to six hours after 
dosing. These crystals were identified as 
3-hydroxy-2 sulfanilamidoquinoxaline. This 
is the first time this metabolite 
detected in cattle on sulfaquinoxaline ther 
apy and indicates that cattle are capable of 
oxidizing sulfonamides. The amount of 
this metabolite present in bovine urine was 


may prevail, 


process 


cow, a 


the case of these 6 


has been 


not determined but, from the appearance 


TABLE 7—Milk Concentrations of 


SULFAQUINOXALINI 


Sulfaquinoxaline— 


IN Datry Carri 515 


of the urine samples, it constituted a sig 
nificant proportion of the total urine vol 
ume, 

Toxricity of Sulfaquinoraline When a 
12.5 per cent sulfaquinoxaline solution ts 
given intravenously at a rate approximat 
ing 40 to 100 ml. per minute, there fre 
quently is seen a varying degree of ataxia, 
staggering gait, and partial posterior pa 
ralysis. In these lasted for 
hours, during which time the 
animals gradually returned to normal, In 
viven a_ total 

(71.0 mg. /kg 
accentuated ; animals 
down’ for a period of one to three hours 
Marked posterior weakness, arching of the 


calves, signs 


one to six 


dose of gr per 


COWS 


pound these sigus were 


some of the “went 


back, staggering, and general depression 


also were observed in 5 of 7 cows. Gradual 
recovery took place over a period of 12 
hours and, by the next day, all abnormali 
The commonly used 


produce 


ties had disappeared 
sulfonamides infrequently 
such when intravenously at 
comparable pH, concentration, dose, and 
rate of administration. The toxic 
effects described above are similar to those 
reported by Jones ef al.” No such 
following oral or 


only 
acute, 


abnor 
malities occurred intra 
peritoneal administration 

All cows given sulfaquinoxaline intrave 
nously showed a marked degree of crystal 
luria from eight following 
administration, It is of that in 
figures 1 and 2 the appearance of crystals 
in the urine corresponded to the period of 
most rapid depletion of blood levels and 
the period of highest concentration of the 
Despite 
alarming erystalluria, no hematuria 
This indicates that the kidney dam 
age, which in all likelihood 
did not traumatize the kidney to the point 


of causing 


one to hours 


interest 


drug in the urine this rather 


Wis 
present 


hemorrhage. Crystalluria was 


0.5 gr. per Pound Intravenously 


(71.0 mg./kg.) 


Time post 
sdminiatration 
(hr 


purposes of comparison 


Milligrams per 100 ml. o 


parentheses 


149.9 
4 
6.0 
; 
4 l lil Av 
; ) “ 0.2 
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TABLE 8—Cerebrospinal Fluid Concentrations in 
Calves—Intravenous Doses of 0.5 gr. per Pound 
and Equal Oral Doses Every 24 Hours 


not observed following intravenous and in 


traperitoneal dosing of calves; it was like 
wise absent with oral dosing of calves and 
COWS 

Several days following the adminstration 
of sulfaquinoxaline, the calves were killed 
and the kidneys were examined grossly and 
microscopically (table 101 


of these kidneys were reported in another 
12 


Descriptions 


puolication Simesen '’ reported similar 
findings in experimental studies with sulfa 
quinoxaline in cattle 

Attempts were made to evaluate the de 
gree of kidney damage in calves by follow 
ing blood urea nitrogen levels. Calves given 
the drug orally and intravenously over a 
period of several days showed no significant 
changes in these levels, despite the gross 
found 


urea nl 


and microscopic lesions frequently 


Ilowever, it is known that blood 

The authors are indebted to the Div 
Patholo and 
tissues 


Parasitolog for the examir 
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trogen values are not a sensitive index of 


kidney function 
iously that 


treated with sulfaquinoxaline 


It has been shown prey dogs 
howed a hy 
poprothrombinemia that could be reversed 
by the 
In view 
in the 
of several 


administration of vitamin K ‘Ss 
of this 


appropriate 


were taken 


plasma samples 
Inanner over a period 
After all 
en collected, the pro 
the 
prothrombin time 
table 1] 
from the pretreatment average of 18.1 see 
to 47.0 seconds at 60 
doses of 1.0 gr. per pound were given orally 
hours for three days It is evi 


average increase, and 


days and frozen 


plasma samples had | 


time was dete 
The 


dl 


thrombin rmined by 
method of (Juick 

in calves gradually 
onds hours, when 
every 24 
dent that 
that each calf did not show prolonged pro 
oral or 
pound 


this is an 
thrombin times. Cows given single 


intravenous doses of OF er per 
showed no significant changes in prothrom 
bin time 


SUMMARY A? ‘ONCLUSIONS 


The results obtained from this study are 


in good agreement with 


those re ported by 
blood and 


unable to show 


Simesen,'’ as regards plasma 


levels, except that we wer 
the 
plasma and erythrocytes at concentrations 
100 ml. In our experi 
plasma concentrations higher 
than those in whole blood (and, therefore, 
at all concentrations stud 


same distribution of drug between 


above 2.5 mg pel 
ence, were 
in erythroevtes 


ied. No explanation is immediately ap 


400) 


x AVE 


o AVE 
"FREE" 


URINE EXCRETION OF SULFAQUINOX ALINE 


05 GRAINS/LB(7Timg/Kg) INTRAVENOUSLY 


CONCENTRATION IN 6 COWS 


PER CENT EXCRETED AS 
SULFONAMIDE 


Urine excretion 
of sulfaquinoxaline in 


cattle. 


Fig. 2 
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TABLE 9 


SULFAQUINOXALINI 


Urinary Excretion of Sulfaquinoxaline in Cows 


IN Dairy CaTTLi 


Intravenous Doses of 0.5 gr. per 


Pound (71.0 mg./kg.) 


parent for this discrepancy. Simesen 


showed a high degree of binding to plasma 


proteins, despite a rapid disappearance of 


the drug from blood and plasma These 
findings indicate that a high degree of pro 
tein binding, per se, does not significantly 
influence the duration of blood or plasma 
levels 

Several aspects of the pharmacology of 
sulfaquinoxaline in dairy cattle have been 
studied, including blood and plasma levels, 
acetylation, volume of distribution, urine 
excretion, and toxicity. On the basis of the 
work reported, sulfaquinoxaline appears to 
possess a number of undesirable properties 


TABLE 10—Toxi 
Duration 
of treat 


ment (da 


1119 


1412 
1414 
1398 
Cow 
Cow 1115 
Cow 820 
1074 
1001 
1032 


Cow 
(low 
tow 


tow 


* Crystalluria as used 


Microscopic lesions consisted chiefly of 


of nee 
; intravenous 


§ Four liters of blood (an estimated 10° of bloo 


continued to eat and drink and appeared 


The 


lowing 


animal 


day 


short duration of blood and 
ad 


These are: (J 
levels following intravenous 
ministration, (2) low blood levels following 
administration, (3) rapid exeretion 
kidney, and } 
effects, including ataxia following 
venous administration, renal 
of the drug following both oral and intra 
venous administration, erystalluria, and in 
terference with the blood-clotting mechan 
ism. The fact that sulfaquinoxaline is a 
relatively insoluble sulfonamide (12.0 mg 
per 100 mil. at pil 7.0 coupled with its 
rapid rate of excretion 
its toxie effect on the kidney 


plasma 


oral 


through the toxk 


SOCTIOUS 
intra 


precipitation 


probably ( xplains 


Effects of Sulfaquinoxaline 


) i 3.4 1 
. 
parent ate per i reted 
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la te of Listole " 
Anima add tration ta necroy findis 
Calf 10¢ 1 1 ‘ ] oted 
oral on da i 
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ra nda i 
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1.0 ndayl t not 
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1124 1.0 on day 1 ecroy roy 
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or in 
112 4 ndayl t noted 
1} t noted 
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Ora t noted 
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here refers to t ‘ppearance of crystals in the urine immediate aft irination 
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TABLE 11—Prothrombin Time in Calves* 


Route and calf No 


Calves give or intrape 
is hours 
ip intraperitonesa and ntravenousl 


Average is high due to disproportionate weigt 


Krom the pharmacological standpoint, 
two of the aims of sulfonamide therapy are tht te 


] the establishment and maintenance of Products Sulfaqu 
therapeutic blood levels and (2) minimizing 1944 
Suutter, . an 
toxicity In view of these criteria, sulfa 
n a Heifer 
Bankowski, R. A 
if Sulfonamide Drugs to 


dairy cattle This would seem to be espe Blood, Am. J. Vet. Res 


quinoxaline appears to be a poor sulfona 
mide to select for systemic chemotherapy in 


clally true in light of the more desirable ‘Dunlap, R. E.: Bo 
1949 44-45 
4 Frank, | K 
larly sulfamethazine and sulfamerazine (1949 
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properties of other sulfonamides, particu 
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The Metabolism of Phenothiazine, N. F., in Dairy Calves 


I. Chronological Distribution of Drug in 
Digestive Tract Contents 


T. ELLISON, M.S., and A. C. TODD, Ph.D. 


Vadison, Wisconsin 


THE Use of phenothiazine as an anthel 
mintie in dairy cattle largely has 
limited to treatment of young animals 
This limited use of phenothiazine has been 
based its reported 
milk and 
toxicity of the drug. 

The literature many conflicting re 
ports on the nature of the pharmacological 
action of phenothiazine. Sensitization re 
actions to phenothiazine, N.F., by cattle 
have recorded by Clare et al. 
Duthby and Lewis,’ and Whitten ef al.’ 
Limited information has been published on 
the manner and location in which pheno 
thiazine modified the ruminant 
body 


upon possible appear 


ance in cows’ upon presumed 


has 


been 


Was 


The present paper summarizes the work 
concerned with the chronological distribu 
tion of phenothiazine and its derivatives in 
digestive tract contents of dairy 
Other phases of the investigations will be 


cals CS 


presented in subsequent publications 


MATERIALS AND METHODS 


dairy calves weight 


hese 


prior to their re 


Righteen grade 
from 150 to 525 th. were used in this studs 


calves had been on roughages 


ceipt at this laboratory The laboratory ration 


consisted of 2 tbh. of ground grain per day and a 
alfalfa and hay offered ad 


ground grain consisted of corn, 


good-quality 
libitum The 


bran, 


grass 
outs, 
iodized salt 


linseed oil meal, and 


The calves were each dosed with 101.3 Gm. of 


phenothiazine (100.0 Gm, of 


N.F in 6 oz of 


drench-grade pheno 


thinzine, warm, distilled water 


followed by a rinse of 2 oz. of water Lecithin 


was used as the wetting agent in the 


drene} grad 
phenothiazine Average 


N.F., was 10 to 15 yw.” 


particle size of the plu 
nothiazine, 

after 


animal was slaughtered at a designated 


hour drug administration. An ineision was 


made on the median line of the ventral body wall 


From the 
sity of Wisconsin 


Department of Veterinar 


Madison 


ished with the approval of the director of the 


Papers N.S. 225-22 pub 
scOnRID 
Agricultural Station and 


by |} I 
from the 


Experiment 
DuPont 


Research Committee 


supported in part 
DeNemours and Co. and by a grant 
Giraduate School, Univer 
sity of Wisconsin, with funds provided | the Wisconsin 


Alumni Kesearch Foundation 


of the calf from the anus to the trachen, Seetions 
of the tract to be 
off. The 
entranee of the bile 
tions of the 


‘proximal 


digestive analyzed were tied 
gallbladder was severed at the point of 
duet into the duodenum, Por 
designated as i 


duodenum were 


duodenum,’’ from the pylorus the 


bile duct entrance, and (b ‘distal duodenum, 
from the bile 
After the 


rectum was tied off 


duet entrance to a point 2 feet pos 


terior duodenum was removed, the 
close to the anus 
division of the 


To arbitrarily standardize the 


remaining small intestine into its various compo 
nents, the first 12 feet posterior to the end of th: 
designated as the 

intestine 12 feet 


is the 


duodenum 
That 


the ileoceeal valve 


were ‘jejunum 


portion of the anterior to 
was designated ‘ileum 
The remaining small intestine was designated the 
‘mixed jejunum-ileum 


The 


the colon, 


stomach and 
isolated A} 
traet, 


various compartments of the 
rectum were 


from the 


cum, ana 


contents were removed digestive 


weighed, and representative aliquots removed for 


analysis 
The digestive tract contents were dried in a 
oven at 12 for 48 hours to determine 


TT) 


uliquots 


hot-air 


the percentage of moisture contents were 


then ground and 1.0-im were extracted 
with 25.0 of boiling water added in three suc 
cessive extractions and the extracts filtered 
on Whatman No, | filter paper, The 
diluted to 25.0 mil 
then 


with 25.0 ml. of boiling 95 per cent ethanol! 


were 
mjueous 
distilled 


extracted 


tractions were with 


water The contents were simi 
larly 
Aleoholi 


the unchanged 


extractions contained phe nothiazine 


form Aqueous extractions cor 
derivative 


le ukophe ho 
their 


tained the water-soluble, oxygenated 


of phenothiazine, phenothiazone 


thiazone, thionol, leukothionol, and 


The estimation of 


phenothiazine based 
DeKds and Eddy and mod 
Aliquots of 0.1 ml, of the aleo 


methods devised by 
fied by Cupples 

holic extracts were pipetted into Evelyn eolorin 
treated 
water and 8.5 ml. of 95 per cent ethane 
then 


color of the 


j 


eter tubes and with O.5 mil. saturated 
bromine 
The tubes 


to develop the 


were placed in a hot water batl 


reaction and remove 


bromine Colorimetric determinations were 


made with a 520-my filter in an Evelyn phote 


eleetrie colorimeter 
The addition nl. of eoneentrated hydro 


ehlorie aeid to 0.1 mil. of the aqueous extractions 


developed the characteristic red color of pheno 


thinzone Determinations 
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vere prepared fro ithe large amounts of phenothiazine were found 
purified phenothiazone and repurified pheno but no correspondingly large increase in 
the phenothiazone level. The peak level of 
control ealf 
phenothiazine occurred in the abomasum 
at 12 hours post-treatment. The oxidation 
Chronological distribution of the drug of phenothiazine occurred primarily in the 
in digestive tract contents was established rumen. The reticulum, omasum, and abo 
by selective slaughter of 18 dairy calves at masum did not contain large amounts of 
definite time intervals after administration the oxidized derivatives, even though large 
of the drug. The time intervals selected quantities of the unchanged drug were 
were 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, — present 
20, 22, 24, 40, 80, and 120 hours post After 12 hours post-treatment, the drug 
treatment moved rapidly out of the rumen; the great 
(Juantitative data obtained at each pe est decrease was between 22 and 24 hours 
riod are detailed in tables 1 to 3, which The omasum continued to concentrate 
summarize the three major portions of the large quantities of the drug and, at 24 
ruminant digestive tract hours, the phenothiazine content nearly 
Stomach.—Chronological distribution of equaled that of the rumen 
the drug is shown table 4 At one hour No trace of phenothiazine was present 
post-treatment, 89.8 Gm. of drug was re in the stomach at 80 hours post-treatment ; 
covered as phenothiazine in the rumen; phenothiazone was detected in small traces 
2.6 Gim. of the drug was recovered as phe No drug could be detected in the contents 
nothiazone, Phenothiazine and its prin of the stomach at 120 hours 
cipal oxygenated derivative were present Small Intestine The chronological dis 
in all four compartments of the stomach at tripntion of drug is shown (table 2 
one hour post-treatment 
The phenothiazine level in the omasum 
and reticulum increased sharply after two 
hours; the omasum contained 28.7 Gm. 
of phenothiazine and little oxidation had 
occurred in the reticulum and omasum, 
. 
Che drug levels of the abomasum remained 


The first appearance of phenothiazine, 
but no trace of phenothiazone, was de- 
tected in the proximal duodenum at one 
hour post-treatment 

The greater solubility of the phenothi- 
azone over phenothiazine was apparent in 
relatively unchanged until after eight 't’ more rapid distribution through the 
hours. Between three and six hours post- ‘*™all intestine. Phenothiazine was not de- 
treatment, the phenothiazine level of the tected posterior to the jejunum at the end 
omasum remained high; the levels of the of two hours but phenothiazone had moved 
drug in the rumen rapidly decreased. In as far as the ileum 
the omasum and abomasum, at eight hours, At three hours post-treatment, both phe- 


TABLE 1—Chronological Distribution of Drug in Stomach Contents from Dairy Calves 
Administered 100 Gm. of Phenothiazine, N.F. (Drench Grade) 


Hours Rumen Reticulum Omasum Abomasum 
post 
treatment zine* zone? P-zine -zone zine P-zone ’-zine P-zone 
4443 2.6225 1.207 0606 4007 0.0481 0 212 0.004 
2.4111 7611 7.8348 ORBI 28.775 0.0741 
O586 11.2278 0.5963 2236 7 § 2.0579 
607 2.3 2061 0.803 
0116 7.82006 17 1567 9425 1 
6127 7.90382 2434 2 937 


6676 2.48345 0346 


7572 
2476 
4046 

6.0601 

6.7164 

1208 

0.4558 


* Unchanged phenothiazine (total grams 


enated phenothiazine derivatives (total gram 


20) T. anno A. C. Topp 

10 1.284 0.2977 10157 44! 

12 44 1.3808 0.1069 2.3028 0.118 16.06 196 

14 40 0.8420 0.1124 6.6444 O.5854 i508 ‘TL! 

16 0.204 0.0644 6.0047 1 1115 

ai 1105 Le! 0.64 4 hoe 624 

4 6 0.156 l ~ 1.1804 6476 44 
i ov O.251¢ 8.1136 f 

10 6 169 6.2934 1.384 

0 ) 109 

120 0 0 ) 0 0 ) 

«of 
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METABOLISM OF PHENOTHIAZINI 


IN Datry CALVES 


TABLE 2—Chronological Distribution of Drug in Small Intestine Contents from Dairy Calves 


Administered 100 Gm. 


Distal 


duodenum 


Proximal 

oure 
duodenum 

post 

P-zine* P-zone P 


treatment zine 


0.0015 0 0 
0.0141 


0.0228 


0.0003 0.0065 0076 


0.0018 0.0086 0036 
0047 


0.0186 0 
0.2113 
0.0116 
0.0718 
0.13841 


0.0038 
0054 
0023 
O1LS 
0417 


0.0037 


0.0009 0.00386 


ooud 
10038 ove 
0007 


0.094 0004 
O264 
0134 
olla 
0406 


0.0025 0002 


0.0251 004m 


0.0012 H002 O45 


0.1093 10086 


1067 
215 
0044 


0.3068 
0.0315 0 0179 
o 


(total 
drug 


* Unchanged phenothiazine gran 


thiazine derivatives (total grams of 
nothiazine and phenothiazone de 
tected in the ileum. The total concentra 
tion of phenothiazone at three hours nearly 
equaled that of phenothiazine. 

At five hours, the phenothiazone concen 
tration in the small intestine posterior to 
the bile duct was three times the concen 


were 


tration of phenothiazine. 


The ratio of phenothiazine: phenothia 
zone was nearly 1:1 in the small intestine 
at 22 hours. At 80 hours post-treatment, 
phenothiazone was detected in the mixed 
jejunum-ileum but there were no traces of 
phenothiazine. No of drug 
present in the small intestine at 120 hours 

Large Intestine 
tribution of the drug is shown 


traces were 
The chronological dis 
(table 3 

Phenothiazine phenothiazone first 
appeared in the colon and cecum at eight 
hours post-treatment. The first appearance 
of the drug in the feces (rectum) occurred 
at ten hours. The colon concentrated most 
of the drug present in the large intestine ; 
the peak concentration of phenothiazine 
was 12.7612 Gm. at 20 hours 

The of phenothiazine phenothia 
zone at 22 hours post-treatment was nearly 
1:1 in the rectum and 2:1 in the colon and 
At 80 hours, only traces of pheno 
thiazone remained in the colon. No traces 
of the drug were detected in the large in 
120 hours 


and 


ratio 


eecum 


testine at 


DISCUSSION 


The appearance of phenothiazone in the 


ruminant stomach within one hour post 


0 


0074 


of Phenothiazine, N.F. (Drench Grade) 


Mixed 


Jejunum jejunum ileum lleuam 


zine P-zine zone P-zine r 


0 
1138 
0045 


0.2086 

0.1146 
) 0.0144 
066 0.0496 


o217 O507 O.5835 


0.8685 
2144 
O458 
0563 
0149 
10 


208 


0.6129 
1.1196 


0.4546 


1154 
0687 
6206 
1641 1762 


0706 215 


1006 0509 


Vhenothiazone and other w soluble, oxygenated pheno 


treatment indicated that considerable oxi 
dation of the phenothiazine does occur 
within this organ. That the primary site of 
oxidation of phenothiazine was the rumen 
is evident from the high levels of pheno 
thiazone at all time intervals through 40 
hours in this organ. Such comparatively 
high ratios of phenothiazone: phenothiazine 
were not detected the reticulum, oma 
sum, and abomasum 

Oxidation of the phenothiazine within 
the calf rumen is not necessarily evidence 
of a high oxygen tension within this organ 
The source of such oxygen 


an tension is 


TABLE 3—Chronological Distribution of Drug in 

Large Intestine Contents from Dairy Calves 

Administered 100 Gm. of Phenothiazine, N.F 
(Drench Grade) 


Hours 
post 
treatment 


7612 

6007 

‘0 


0 0 


Unchanged phenothiazi 


Phenothiazone and other 


nothiazine derivatives tote 


521 

= 
2 isa 
6 — ( 0.109 1 6 
10 0.1158 0.7 
12 { 620 ! Of 
14 0.1706 0.2 
16 0.0508 
18 0.2453 ou 
20 ) 722 0.07 
2° 0 0.5665 0.4 
24 0.7 0.470 
40 0.2751 0 12 
a0 0 0 0 00 
120 ( 0 0 ( 
Color ( " tur 
6 
- 1168 0.0467 415% i 
2184 
i 
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not within the scope of this investigation. 

The progression of the drug through the 
ruminant digestive tract is not 
Primary sites of phenothiazine concentra 
tion are the rumen, the omasum, and the 


constant. 


colon. Phenothiazine, present in all por 
tions of the digestive tract at 40 hours 
post-treatment, had been eliminated com 


pletely by 80 hours 

Phenothiazone, the principal derivative, 
persists within the calf after the elimina 
tion of phenothiazine. Within the digest 
ive tract, high levels of phenothiazone per 
sist within the stomach, 7.e¢., the rumen 
and the omasum 

The more rapid movement of phenothia 
into the small 
son with phenothiazine, evidently is re 
lated to its solubility but perhaps also to 
rumen absorption and delivery in bile 

At 120 
of this drug were found in the 
tract 


Zone intestine, compar) 


hours post-treatment, no traces 


digestive 


SUMMARY 


1) The methods of analysis of pheno 
thiazine and its derivatives in the digestive 
tract contents of calves is described 

2) The first appearance of phenothia 
in the within one 
hour post-treatment; smaller amounts were 


Zone rumen 
also present in the reticulum, omasum, and 
abomasum 

3) No drug was detected in the digestive 
tract posterior to the proximal duodenum 
in one hour post-treatment 

t) First detection of phenothiazine in 
the feces occurred at ten hours 

4) At 22 hours post-treatment the ratio 
of phenothiazine to phenothiazone 
nearly 1:1 in the jejunum, jejunum-ileum, 
ileum, and rectum, and a 2:1 
tected in the colon and cecum 

6) The phenothiazine 
was greater in the omasum than rumen at 
10 hours 

7 At 80 hours post-treatment, no traces 
of phenothiazine were detected in the di 

tract but 0.9377 
was detected in the retieu 
lum, omasum, abomasum, mixed jejunum 


was 
ratio was de 


concentration of 


restive phenothiazone 


(im rumen, 


ileum, and colon. No trace of phenothia 
zone was detected in the proximal and 
distal duodenum, jejunum, ileum, cecum, 
and rectum 


8) No traces of phenothiazine or pheno 
thiazone were detected tract 
contents at 120 hours post-treatment 


in digestive 
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II. Chronological Levels of Drug in 
Blood Serum, Bile, and Urine 


The 


eoncerned 


materials to be 
with the appear 
ance of phenothiazine and its derivatives 
in the blood serum, bile, and urine follow 
ing treatment of 15 grade dairy 
The appearance of the drug and its deriy 


presented here are 
chronological 


calves 
atives outside the digestive tract is of in 
terest In view of widespread acceptance of 
phenothiazine therapy livestock 
tice A 
the pharmacology of 
particular value in 
lated to the dairy 

The oxidation pre ducts of phenothiazine 


prac 
more complete understanding of 
phenothiazine is of 
veterinary practice re 


industry 


which appear in the urine have been the 
subject of several reviews (‘lare and 
Harpur et al” concluded that the urine of 
sheep and cattle contained mostly the po 


sulfate of 
with 


ethereal 


together 


thiazone, 
kophenothiazone 


le ukopheno 
unconjugated leu 
and a 


and leukothionol 


conjugate yielding phenothiazine on acid) 


fication Conjugated leukophenothiazone 
has been reported in the blood of sheep by 
Swales and ( ollier 
MATERIALS AND METHOD 

This study involves continuation ol 


350}— 

| 

Fig. 1—Blood serum 
chronological levels of [or 
phenothiazine and pheno- 2 
thiazone in dairy calves. ¥§ #9°- 

a 

z 

> 

> 


calves 


veigh 


sample was obtained 


servations made on IS grade dair 


ing 150 to 525 |b A urine 


from exch animal prior to slaughtering Th 


calves were dosed, stunned at the designated hour 
post-treatment, the jugular vein was cut, and 
blood collected for 


galliblader was tied off and the bile 


samples were analysis. The 
removed 
After coagulation, the blood serum was removed 
for 15 
unchanged phenothiazine, 1.0 ml 
15.0-ml. tubs 


with 8.5 ml. of 95 per cent 


ind centrifuged at 2,000 r.p.m minutes 
lo analyze for 
of blood serum was pipetted into a 
and mixed thoroughly 
ethanol The 


r.p.m. for ten minutes, The 


tubes were then centrifuged at 2,000 
supernatant was de 
colorimeter tube (18) by 


eanted into an Evelyn 


150 mm.), 0.5 ml. of saturated bromine water was 
added, and the 
bath for five 


to 10.0 mil 


water 


diluted 


tubes were placed in a hot 
minutes. The contents were 


with 95 per cent ethanol and colori 


metrie determinations were made with a 520-ny 
filter im the Evelyn photoelectric colorimeter 
In the analysis of phi nothiazone, the protein in 


blood with eonecentrated 


hydrochlori« 


serum Was precipitated 


acid Exeess coneentrated hydro 


neid was added to redissolve the preeipi 
Aliquots of 1.0 ml. of blood serum 


ehloric 
tated protein 
and #.0 ml. of coneentrated hydrochlorie acid were 
tube and the 


to each colorimeter determ 


nations were made with a 520-my filter 


It was impossible in these studies to determine 


the exact amount of drug present in the circula 


tory systen no methods were provided to deter 
total blood 


Standard curves were 


mine the volume of each animal 


prepared from blood serun 


obtained from a control animal 


Bile analysis was accomplished with dilution of 
the bile with 95 per cent ethanol or distilled i 
ter Five milliliters of bile were pipetted into a 
25.0-m! volumetric flask and diluted to volume 
vith Yo per cent ethanol Aliquots of 1.0 ml. were 
removed for analysis of phenothiazine by bromi 
nation. To each golorimeter tube was added 05 


ml. of saturated bromine water and 8.5 ml. of 95 


per cent ethanol. The tubes were placed in a hot 


iter bat for five minutes and read at 520 mu 


METABOLISM OF PHENOTIIIAZINI 


Prenothiezons 


IN CALVES 


10 
HOURS POST DOSE 


mil 


diluted to 


Five milliliters of bile wer 


with distilled water for analysis of water-soluble 


phenothiazine derivatives. Aliquots of 1.0 ml, of 


aqueous bile and 9.0 ml. of econeentrated hydro 


ehlorie acid were added to each colorimeter tub 


Determinations were made at 520 my 
Analysis of urine was similar to the analysis of 


bile The 


it for 


urine samples were placed in an oven 


several hours to dissolve any bovine 


irinary conjugate of phenothiazine that may have 
precipitated Two 1.0-mil liguots of each urine 
sample were pipetted into 100.0-ml, volumetric 
flasks. One flask was made to volume with dis 


vith 95 per eent eth 
of the 


water, and 5.5 mil 


water and the other 
Aliquots of 4.0 mil 


snturated 


tilled 


anol aleohol dilutions 


0.5 mil. of bromine 


of 95 per cent ethanol were added to each colorim 


eter tube. To determine phenothiazone, 4.0 ml. of 


aqueous urine and 6,0 ml, of concentrated hydro 


ehlorie acid were added to each colorimeter tube 


ind determinations were made at 520 mya. Total 


volume urine elimination from each animal 


not determined 
The water-soluble, oxygenated derivative of 
been grouped under the name 


Other deriv 


phenothiazine have 
phe nothiazone, the ma jor compone nt 
amounts in the 
thionol, leuko 


derivati 


atives present in trace pole 


inalyzed ere 


thionol, and the 


leukophenothiazone 
conjugates of thes 
RESULTS 


Chronological levels of 


Blood 


phenothiazine 


Serum 
and phenothiazone are 
and 2 Within 
after dosing, phenothiazine and phenothi 
blood 


rapid oxidation of phenothiazine in the ru 


shown (fig. 1 one hour 


azone were present in serum, The 


men gave rise to the large 


evidently 


amount of the oxygenated derivative in 
The presence of the un 
blood 


the blood serum 


changed phenothiazine in the Was 


noteworthy at this time because 
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120 

100 
Fig. 2—Blood serum 
2 chronological levels of 
280 phenothiazine and pheno- 
8 cea thiazone in dairy calves. 
60) 
g |: | 
2 40 | If 

20 | | 

S$ © 6 10 @ 6 @ 20 22 24 40 80 120 
HOURS POST DOSE 

of the known great insolubility of the phenothiazine was approximately twice 
drug that of phenothiazone. At three hours, the 


To properly evaluate the drug levels in 
the blood serum, a weight relation factor 
of each animal should be considered, Since 
no blood volume data were available, the 
conversion of the drug level to a figure per 
100 Ib. of live body weight produced a 
more uniform picture (fig. 1). There were 
considerable fluetuations in the drug lev 
els due to the loss of the drug into the 
liver and kidneys 

The maximum phenothiazine level was 
137.8 pg./ml. of blood serum/100 Ib. of 
live body weight and the maximum pheno 
thiazone level was 342.0 ypg./ml. of blood 
serum /100 Ib. of live body weight; both at 
24 hours post-treatment, No trace of drug 
was detected in the blood at 120 hours. 

Bile Chronological levels of phenothi 
azine and phenothiazone are shown (fig 
3). Phenothiazine and phenothiazone were 
recovered in the bile at hour 
treatment. The one-hour concentration of 


one post 


sor 


J Phonethianine 


z 


| 


wOURS POST 


concentration of phenothiazone increased 
nearly sevenfold over the preceding hour, 
and its that of 
phenothiazine 

The levels of the drug and its deriva 
tives in bile irregular; the levels 
showed sudden increases and decreases. At 
14 and 16 hours, phenothiazine was higher 
ntration than phenothiazone. 

Maximum drug levels in the bile were 
detected at 16 hours post-treatment. The 
levels were 72.9 mg. of phenothiazine and 
64.8 mg. of phenothiazone. No trace of 
drug in bile was detected at 120 hours 
The drug levels in the urine 
were recorded to correlate the levels of the 
drug eliminated with the levels of the drug 
in Other parts of the animal body and not 
primarily as to amount of drug eliminated. 
Chronological levels of phenothiazine and 
phenothiazone in urine are shown (fig. 4 

The first phenothiazone 


concentration was twice 
were 


In 


Urine. 


appearance of 


Fig. 3—Bile chronologi- 

cal levels of phenothia- 

zine and phenothiazone in 
dairy calves. 
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HOURS POST 
in the urine oeeurred two hours post only as phenothiazone. Phenothiazine was 


treatment and phenothiazine appeared one 


hour later. Maximum drug levels occur 
red at 20 hours. The maximum level of 
phenothiazone was 10.8 mg./ml. of urine 
and maximum level of phenothiazine was 
2.40 mg./ml. of urine. No trace of drug 
was detected in urine at 120 hours. 

The major constituent of the drug in 
urine was the urinary conjugate of leuko 


phenothiazone. The bovine urinary conju 


gate has been isolated and identified in 
this laboratory 
DISCUSSION 
Until recently, it has been widely held 
that absorption from the ruminant stom 


ach does not occur.* The present work may 
indicate that further of the 
cept of rumen absorption may be 
sary. Because of the insolubility of pheno 
thiazine in water, the particle size may 
have much to with its absorption 
through the rumen walls. Water-soluble 
phenothiazone was more easily 
into the blood trials. 

The great variations in the bile 
the gallbladder in these trials were 
to apparent physical disorders 

the 


revision con 


neces 


absorbed 
in these 
volume 
of 
due 


not 
sile 


secreted 


is continuously by hepatic 
cells but the rate at which the gallbladder 
empties varies with food consumed and 
other factors. The differences of the bile 
volume may cause some discrepancy in the 
drug levels calculated on a per milliliter 
basis 

The first appearance of the drug in the 


urine occurred within two hours post-treat 
the drug appeared 


ment. At that time, 


not detectable until the third hour 


SUMMARY 


1) Concentrations of phenothiazine and 
its derivatives in the blood serum of 18 
calves involved in a chronological study 
fluctuated sharply with several peak lev 
els. On the basis of micrograms of drug 
per milliliter of blood serum only, the max 
imum levels were 61.0 pg. of phenothiazine 
and 115.0 pg. of phenothiazone at 14 hours 
post-treatment. When the drug levels were 
on a 100-lb. live body weight, the 
maximum levels (137.8 pg. of phenothia 
zine and 342.0 pg. of phenothiazone) did 
not occur until 24 hours 

2) Maximum drug levels in bile (72.9 
mg. of phenothiazine and 64.8 mg. of phe 
nothiazone) were detected at 16 hours 

3) Maximum drug levels in the urine 
(2.40 mg. of phenothiazine/ml. and 10.80 
mg. of phenothiazone/ml detected 
at 20 hours. 

4) No traces of 
blood serum, bile, 
post-treatment 


based 


were 


detected 
120 


drug 
urine 


were 
at 


or hours 
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III. Chronological Levels of Drug 
in Liver, Kidney, Spleen, and 
Mesenteric Lymph Nodes 


In conjunction with 
metabolism of phenothiazine in the diges 
tive tract and serum of 18 
(lairy calves, it was of interest to investi 
vate the organs involved in drug detoxifi 
cation filtration. Enlarged kidneys 
and spleen, nephritis, and hemolytie ane 


blood 


and 


mia have been reported as toxic reactions 
to phenothiazine. A study of the levels of 
phenothiazine in the liver, kidney, spleen, 
and lvinph 
taken to establish a 


under 
inter 
toxic response to phenothia 


mesenteric nodes was 
future basis for 
pretation of 
zine by these tissues 


PRIAI AND 


grade eal 
525 th, were used 


Mightes 
150 to 


ranging in eligi 
in this stud The « 
ere slaughtered at designated after ad 


(sim. of 


(100.0 Gm. of 


periods 


ministration of 101 dreneh- grade pheno 


thiszine phenothiazine, N.t The 


liver, spleen, and kine vere removed veighed 


ul iliquots were removed for inal 


senteriec lymph node removed ane 


selected for analysi 


The tissues were cut into small eube 


facilitate a 


em to 


of the 


representative impling 
urfaces for thorough 
liver, 
kidney), ane 
beakers 


ml 


organ ind 


extrouetion Two 20.0-Gm each of 


kidney 


nodes 


sample 


spleen, (half from eaeh 
weighes 


250.0-ml 


50.0 ml. of 


lymph were into 


lo one sample of each tissue was 


of cistilled 


water and, to the 
cent ethanol, The 
loss of solvent 


other, 
beakers 


evaporation and 


were covered to 


prevent were 


placed in a hot-air oven at SO ¢ for 


The 
viditional 
After 


to mil. in 


four hours 


“amples were left at room temperature for an 


hour for maximum extraction 


filtration, each filtrate sample was made up 


volume with its respeetive solvent 


The samples were stored in the refrigerator until 


cool and were ‘ ered if necessary to obtain 


clarity 
Analysis of 


utmost 
and 
thods 


phenothiazine phenothianzon 


proceeded seeording to me outlined in other 


parts of 


ResULTS AND DIscuSssION 


the 
liver, spleen, and both kidneys are shown 

table 1) 

Liver irst 
zone in the liver 
treatment Phenothiazine first de 
tected at three hours. Maximum weight of 


Chronological levels of the drug in 


appearance of phenothia 
two 


Was 


was at hours post 


ELLISON AND A, ¢ 


the studies of the 


grade 


Topp 


TABLE 1—Chronological Levels of Drug in Liver, 
Kidney, and Spleen from Dairy Calves Adminis- 
tered 100 Gm. of Phenothiazine, N.F. (Drench 
Grade) 
Hours 
post 
treatment P-z 


changed pheno 
othiazone an 


zine derivat 
liver was 0.2574 Gm. at 
weight of phenothia 
16 hours. No trace 
of drug could be detected at 120 hours 

the phenothiazine 
was first detected at two hours and pheno 
three 


phenothiazine in a 
24 hours; maximum 
zone was 0.1333 Gm. at 

Kidney In kidney 
hours 
drug 
phenothiazine at 16 hours 
(im. of phenothiazone at 24 
No drug was deteeted at 120 hours 


thiazone at 
Kidney maximum 
0.0413 Gm. of 
O.0394 


post-treatment 
weights were 
and 
hours 
was detected in 


Npleen Phenothiazone 


the spleen at one hour post-treatment and 


TABLE 2—Chronological Levels of Drug in Mes 

enteric Lymph Nodes from Dairy Calves Admin 

istered 100 Gm. of Phenothiazine, N.F. (Drench 
Grade) 


l ) 0 00 
0 0 on 0.019 
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1 0 if | 64 6 
7 ) )226 
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0.1005 ¢ : O14 
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i 0.2574 ( 
Pher t nated p 
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| 
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= 
per 
Hour Phenot nothiazone 
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14 ( 
i4 
1s 
i 4 
40) 14 
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Phenothiazone and t t genated 
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phenothiazine at three hours. Maximum 
weight of drug in a spleen was 0.0226 Gm 
of phenothiazine and 0.0486 Gm. of pheno 
thiazone at five hours. No drug was de 
tected at 120 hours 

Mesenteric Lymph Nodes 
cal levels of the drug are shown (table 2 
Phenothiazine first appeared at eight hours 
and phenothiazone at ten hours post-treat 
ment. The maximum drug levels for mes 
enteric lymph nodes were 59.4 pg. of phe 
nothiazine/Gm. of fresh tissue at 14 hours 
and 8.1 yg. of phenothiazone/Gm. of fresh 
tissue at 12 hours. No drug was detected 
at 120 hours 

Comparison of the chronology of first 
drug appearance and maximum drug ley 
els in the liver and kidneys showed a con 
trasting situation. Aft hours 
treatment, phenothiazone first appeared in 
the liver and phenothiazine in the kidneys 
Maximum drug concentrations occurred at 
16 hours for phenothiazone in liver and 
phenothiazine in the kidneys. The reverse 
occurred at 24 hours, with a maximum 
concentration of phenothiazine in the liver 
and phenothiazone in the kidneys 

The first drug appearance in the liver, 
kidneys, occurred six 
prior to the first drug appearance in the 
mesenteric lymph nodes. Reasons for the 
delay of the appearance of phenothiazine 
and its derivatives in the mesenterie lymph 


Chronologi 


two post 


and spleen hours 


nodes were not fully understood 


SUMMARY 


1) The first appearance of drug in the 
liver was phenothiazone at two hours post 
treatment. Phenothiazine 
three Maximum drug levels 
at 16 hours for phenothiazone and 24 hours 
for phenothiazine 

2) Phenothiazine first 
the kidneys at two hours and phenothia 
zone at three with 
maximum drug levels at 16 hours for phe 
nothiazine and 24 hours for phenothiazone 
The chronology of drug appearance in the 
kidneys was the reverse of the 


was detected at 


hours were 


Was detected in 


hours post-treatment 


sittlation 
existing in the liver 

3) In the spleen, the first appearance of 
drug Was phenothiazone at one hour and 
phenothiazine at three hours post-treat 
ment. Maximum drug levels 
five hours for phenothiazine and 
thiazone 


4 In the 


appearance of drug was delayed 


occurred at 
pheno 


mesenteric lymph nodes, the 
Pheno 


METABOLISM OF PHENOTHIAZIN} 


IN Dairy CALVES 


thiazine appeared at eight hours and phe 
nothiazone at ten hours post-treatment 
Maximum drug levels oecurred at 12 hours 
for phenothiazone and 14 hours for phe 
nothiazine 

9) No drug was detected in liver, kid 
heys, spleen, or mesenteric lymph nodes at 
120 hours post-treatment 
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IV. Chronological Total Drug 
Recovery 


The investigation in a series on 
the metabolism of phenothiazine and its 
derivatives undertaken to 
the chronological total 
eliminated drug from dairy 
with 100.0 phenothiazine, 
Chronological total elimination of the 


present 
was determine 
recovery of non 
dosed 
N.F 
drug 
and urine or total 
drug levels in the blood of the calves used 


caly CS 
Gim. of 


in feces chronological 


in these trials were not measured 


The 


thiazine and 


duration of appearance of pheno 


its derivatives within the di 


gestive tract and in the various organs 
may be related to toxie response in certain 
animals 

Metabolism of phenothiazine 
DeEds ef al.’ in 
and man, and by Swales and Collier 


Literature 


bee 


studied by rats, rabbits 
and 
Gordon and Lipson * in sheep 
on phenothiazine therapy TR 
toxic treated 


Enlarged kidneys and hemolytic 


contains 
references to responses by 
animals 
anemia have been reported in horses which 
toxic marked 


manifested a response.*" A 


hemolytic has been reported = in 


other 
phenot hiazine 


large doses of 
et al. reported 
cattle, MeNally 
ported an anemia in sheep. The 
ship of phenothiazine therapy to such an 
established 


results 


following 


Woodhouse 


mammals 
an anemia in and 
relation 


bes 
fatal 
scribed from doses as low as 
Mitrovic.” 

Reactions to phenothiazine by 
cluded 
quarters, lowered temperature 


has not 
with 


nla 
ha ve 


15.0 (im 


horse by 
cattle in 
hind 


photosensi 


constipation, weakness in 


tization keratitis, prostration, coma, and 


T. ELLISON AND 


RECOVERED ORUE 
e 
° 


> 


TOTAL 


HOURS POST DOSE 


These reactions have been recorded 
Duthby and 


death 
by Clare ef 
and Whitten ef al.' 


Lewis,’ 


MATERIALS AND Metiop 


calves each dosed orally 


Kighteen 
with 101.3 Gm. of 
(100.0 Gm, phenothiazine, 


dairy were 


dreneh- grade phenothiazine 
N.F 


hours 


The calves were 


slaughtered at selected post-treatment and 


liver, spleen, kidneys, 
total 


the digestive tract contents, 


and bile were analyzed for weight of phe 


nothiazine and phenothiazone 


RESULTS AND DISCUSSION 


The total amounts of phenothiazine and 
phenothiazone recovered from the calves in 
these trials are shown (fig. 1 

In the first hour post-treatment, 91.48 
(im, of phenothiazine and 2.75 Gm. of phe 
nothiazone were trace of 
phenothiazine was detected in liver, spleen 
or kidneys in the first hour 

A peak level of 14.08% Gin. of phenothia 
ZONE three hours. The 
levels of. phenothiazine and phenothiazone 
fluctuated sharply between 
periods 

At 80 hours post-treatment, 0.04 Gm. of 
phenothiazine and 0.97 Gm. of phenothia 
zone remained in the animal. No traces of 
drug were detected at 120 hours 

Noneliminated phenothiazine and its de 
tract 
contents and organs of the test animals at 


recovered No 


was recovered at 


designated 


rivatives recovered from the digestive 


one hour post-treatment totaled 94.2 Gm 
of the 100.0-Gm phenothiazine, 
N.F. Phenothiazine phenothiazone 
were detected in blood at one hour; drug 
levels were not determined on a total blood 
A considerable part of the 


dose of 


and 


volume basis 


Kes 


im. J. VET 


Prenethierine 


Phenetmerone 
7 Fig. 1—Total amount of 
recovered phenothiazine 
and phenothiazone in 
dairy calves. 


unrecovered drug evidently was present in 
the circulatory Total 
tions of drug eliminated in the 
urine were not available 

The purpose of this study was to record 
only total drug available to 
affect the tissues and not to record which 
tissues are affected by phenothiazine and 
its derivatives. At 40 hours post-treatment, 
only 22.1 Gm. of phenothiazine and deriv- 
atives distributed in small amounts 
throughout the digestive tract, liver, kid 
neys, spleen, mesenteric lymph nodes, and 
bile. 

No traces of drug were detected in 
120 hours 


system concentra 


feces and 


amounts of 


were 


the 
experimental animals at post 
treatment 


SUMMARY 


Kighteen grade dairy calves of mixed 
breeds and of both sexes were each dosed 
orally with 101.3 Gm. of drench-grade phe 
nothiazine (100.0 phenothiazine, 
N.F.). The calves were slaughtered at des 


ignated periods 


(im. of 


The post-treatment periods used and the 
total concentrations of phenothiazine and 
phenothiazone, respectively, were: 1 hour, 
91.5 Gm., 2.7 ” hours, 89.1 Gm., 2.0 
Gim.; 3 hours, 70.6 Gm., 14.1 Gm.; 4 hours, 
69.0 Gm., 10.6 Gm.; 5 hours, 50.8 Gm., 9.7 
- 6 hours, 45.4 Gm., 10.0 Gm.; & hours, 
3.6 Gm.; 10 hours, 44.3 Gm., 11.3 
hours, 70.4 Gm., 3.8 Gm.; 14 
Gm., 5.6 Gm.; 16 hours, 44.5 
2.4 Gm.; 18 hours, 56.4 Gm., 5.9 Gm 
8.2 Gm.; 22 hours, 42.6 
25.4 Gm., 12.9 


2.9 Gm.; and 80 


57.9 Gm., 
Gm.; 12 
hours, 63.8 
(im., 
20 hours, 65.4 Gm.. 
Gim., 8.9 Gm.; 24 hours, 
Gim.; 40 hours, 16.2 Gm., 
hours, 0.04 Gm., 0.97 Gm 
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Infectious Bovine Rhinotracheitis 


J. H. GILLESPIE, V.M.D.; K. M. LEE, M.D., Ph.D.; J. A. BAKER, D.V.M., Ph.D. 


Ithaca, 


NEWLY clinical 
characterized by respiratory signs was re 
ported in cattle from California in 1954 
by Melntyre,’ by MeKercher ef and 
Schroeder ef MeIntyre described 
successful transmission of the disease by 
of mixture of blood, nasal 
discharges, and feces from sick calves and 
also Observed spread by pen contact 

In 1955, a similar illness was found to 
occur in cattle kept in Colorado feedlots 
by Jensen ef al.* and also by Miller.° Chow 
et al.” and MeKercher et al.’ showed that 
the infectious agent from Colorado was 
similar to the from California. Fur 
ther studies on the agent permitted both 
Chow's McKercher’s to 
clude this was 
virus 

Recently, Madin ef al.* cultivated the 
virus in tissue culture, using bovine kidney 
it grew well and caused cytopatho 
genic effects. These effects were reproduc 
ible in and 
fluids from infected tissues reproduced the 
characteristic disease in calves, These stud 
ies Offered further proof of viral causation 

In the excellent reports on this disease, 
now designated infectious bovine rhino 
tracheitis, the workers emphasized its im 
in cattle of the United 
Our investigation was designed to 
study possible occurrence and effects of 
infectious bovine rhinotracheitis 
cattle in the eastern United States 
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method 
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University 
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Office of the Be 
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York 
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After 
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(100 


units streptomycin ug. 
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replaced 
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that 
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On ocensions, 25 
added to inhibit the 


organisins present in 


removed 
fluid 


serum 


days initial nutrient fluid 


by 2.0 ml. of maintenanes 


its amount of hors 


Karle’s medium (89% 
of 


growth of certain 


and 
erythromycin 
bac 
the nasal passages of some calves 

Work began of 
obtained originally from animal 
then 


mil was 


terial 
with a strain virus which was 
a clinical 
for 


Upon receipt, 


an with 


infection (in Colorado) and transferred 


five serial passages in tissue culture 
this 


tracheally 


virus * was inoculated intra 
after 
was killed 
the lung 


placed 


tissue-cultured 
ealf T 


perature became elevated, 


into a its tem 


wo days 
this calf 


from 


for 
Pneumonice were 


distributed 


necropsy areas 
under 
to 


culture 


removed, in vials, and 


This 


to 


refrigeration material used 


other calves and 


dry ice was 


infect initiate a tissue 

Lung tissue was thawed, weighed and, with a 
glass grinder, made into a 10 per cent 
in fluid 
mented by centrifugation 
tant, tenfold 
fluid. 


into 


suspension 
particles sedi 
the 


prepared 


maintenanze Coarse were 


ind, from superna 


dilutions in main 


2 mi 
eulture 


each dilution was 
of 
Th 
12 
cell degeneration. A 


tenance From 


inoculated each five tissue tubes 
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for 
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a roller drum for 


in which cells 


degenerated was considered for 
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virus, 


normal cellular appearance was counted as 


content end 
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transferred 
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INFECTIOUS BOVINE RHINOTRACHEITIS 


Wosel Discharge 

inappetence 
Rapid Breathing ond Coughing | 
Depression 

Fig. 1—Clinical features 
of infectious rhinotrache 
itis in a calf inoculated 


intranasally. Temperoture. 


Temperoture 


Leucocyte | 
Count 


Doys After inoculotion 


When placed on test, all were kept in isolation on 2 infeeted intratracheally In securing nasal 
units. Each calf was allowed to adjust to its new exudate, a cotton swab was introduced into each 
environment for one week prior to inoculation nasal passage, twirled, and the sodden swab was re 
During this period, temperatures were taken daily placed in 2.0 ml. of phosphate-glutamate-albumin 
and exch animal was observed closely for any medium “ before freezing. Nasal swabs also were 
signs Of illness. All appeared normal. procured from 6 recovered calves, respectively, on 
Four ealves were inoculated intranasally and postinoculation days 22, 26, and from 40 to 60 
intratracheally, each with 7.0 mil of a 5 Additional studies were made on 5 calves which 
per cent suspension of lung from the infected had been inoculated intranasally with tissue-cul 
calf mentioned above: 4 were inoculated intra tured or cattle origin virus, and on 5 ealves in 
nasally and 4 intratracheally, each with 20.0 ml oculated intratracheally. On the day that the body 
of fuids from the eighth tissue culture transfer temperature beeame clevated and on each suececed 
diluted 1:20. One ealf was exposed to an infeeted ing day thereafter, 1 calf inoculated by each route 
ealf. After the exposed calf showed signs of was killed and various tissues, ineluding lung, 
illness, it was removed and placed in a unit with blood, mediastinal lymph node, tracheal mucous 
another susceptible calf. This procedure was re membrane, kidney, liver, and spleen were removed, 
peated two additional times, thus making four quick frozen, and placed under dry-ice refriget 
serial exposures. After inoculation or exposure, ation. Also, nasal exudate was obtained from each 
calves were examined daily for signs of illness calf at the time of necropsy All materials were 
Temperatures were taken twice each day. All tested by the tissue culture method for the pres 
calves were bled for serological tests before in enee and concentration of virus 
oculation and then after 12 days or longer if Immunity Tests The immunity of 8 ealve 
still on test. Some ealves were killed for necropsy which had shown signs of illness following inocu 
during the active stage of infection and their lation intratracheally, intranasally, or by contact 
tissues were saved for further study exposure was challenged by inoculation 12 to 90 
Presence and Persistence of Virus in Calves days later, Each was given intranasally 20.0 ml, of 
Daily nasal swabs were made for five days after a 1:20 dilution of cattle lung suspension or eighth 


inoculation on 2 calves given virus intranasally and tissue culture transfer. Serums from these calves 


TABLE i—Concentration of Infectious Bovine Rhinotracheitis Virus in Tissues from Calves 
Killed for Necropsy 


Days * following intranasal inoculation Days intratraches oculation 


Nasal exudate 

Trachea 

Lung 

Mediastina 
lymph node 

Blood 

Spleen 

Kidne 

Liver 


ste began day temperature became elevated 
nus sign means no virus found dilution or in undiluted bleed and sign means 


titers expressed as log t.c.id.om per 0.2 om ) noculum and calculated by method of Heed and 


not tested 


om 
i3 
103.54 
103.04 
102.04 
101 54 
fe) 2 3 4 
1.4 14 I NT I 
M 
Muer 
I 
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tuken before and after inoculation were tested for 
neutralizing antibodies against virus cultivated in 

were heated at 56C, 
diluted ] 2.5 in 
dilutions of 


tissue culture. All serums 
for 30 minutes and then 
fluid. Tenfold 


ranged from 1:500 to 1 


main 
that 
then pre 
fluid In the test, 


added in equal 


tenance virus 
5,000,000 were 
pared with cold maintenanes 
10 mil. of diluted 


amount to each 


serum wis 


virus dilution. The eomponents 
were thoroughly mixed, placed under refrigeration 
at 6c 


for two hours, and then 0.2 ml. of each mix 
ture was added to each of five tissue culture tubes 
The tissue culture tubes were kept for 12 days and 
effects 


convales 


cytopathogenie 
index of the 
is the difference 
virus with 
of the 


postinoculation serum, 


periodically examined for 
The 
cent serum was computed 
the of 


serum and the 


serum - neutralization 
between 
mixed preinoculation 


virus mixed with 


RESULTS 


All calves inoculated intranasally or in 
tratracheally showed signs of illness. By 
coutact exposure, the 
mitted in series for three passages but not 
on the fourth passage 

Calves, whether inoculated with infected 
ealf lung or tissue-cultured virus, showed 
signs of illness 18 to 36 hours after intra 
tracheal inoculation, 72 to 120 hours after 
intranasal inoculation, and 96 to 144 hours 
after contact Typical clinical 
features in a calf are shown (fig. 1 All 
infected calves had a monophasic temper 
ature reaction for two to six days and all 


disease 


was 


exposure 


showed respiratory signs except 1 exposed 


Clinical Sign 


Let 


b----4 
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calf. Shortly after the rise in temperature, 
that 
occasionally became mucopurulent. The 
respiratory rate increased and breathing 
became shallow. Most calves coughed and 
showed salivation ; showed inappe 
tence, depression, and lacrimation; and 1] 
developed diarrhea. The leukocyte count 
remained within normal range. All calves 
recovered except killed for special 
studies. 

Studies on presence and persistence of 
virus in inoculated showed that, 
after virus was placed in the nasal pas 
sages, it was recoverable the following day 


a serous nasal discharge developed 


some 


those 
calves 


and increased in amount on each succeed 
ing day, reaching maximum concentration 
by the fifth day after inoculation (fig. 2). 
In contrast, virus intratracheally 
was not present in nasal passages until the 
fifth day after inoculation but then in 
creased rapidly. Virus was not found in 
nasal exudate, in calves after recovery 
Virus reached its highest concentration in 
nasal exudate of tissue tested follow 
ing intranasal inoculation (table 1). Of 
5 calves inoculated intranasally, virus was 
found in the trachea of 4, in the lungs of 
2, and in the mediastinal lymph nodes of 
lL. Of 5 calves inoculated intratracheally, 


riven 


any 


virus was found in the lungs of 5, trachea 


of 2, mediastinal lymph nodes of 4, the 
blood of 2, and the nasal passages of 2 
The 


results of the serum-neutralization 


of Iliness 


Fig. 2—Concentration of 
virus in nasal exudate at 


daily intervals after 


inoculation. 


=Colf | 
*=Colf 2 
*=Colf 3 
*=Colf 4 


Intranasal inoculation 


05 intratracheal Inoculation 


DAYS AFTER INOCULATION 


7 

Clinical Sign of Iliness ° __.---*... 
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tests and immunity tests are shown (ta 
ble 2). The 
calves whose serum was tested more than 
three after inoculation neutralized 
the virus with indexes that ranged from 
50 to 10,000 calf 12 days 
afterward showed neutralizing antibodies, 
No definite signs 


convalescent serums of all 


weeks 


One tested 


whereas another did not. 


of illness developed in these recovered 
calves, although 5 showed a slight increase 
in temperature, for one reading only, four 
to five days after inoculation. Since this 
virus caused typical illness in susceptible 
that calves were 


calves, it was concluded 


immune after recovery 


INCIDENCE OF NEUTRALIZING ANTIBODIES 
IN CATTLE IN THE EAsTERN UNITED STATES 


From each of 43 dairy herds being tested 
for brucellosis, five blood samples + were 
selected at random, pooled, and tested for 
neutralizing antibodies. In addition, tests 
were made of preinoculation and postin 
oculation that had been collected 
in 1941** from 2 calves inoculated with 
calf pneumonia and of another calf from 
a dairy in New Jersey, also collected in 
1941 from 
from so-called shipping fever were tested 
Serums from 5 that had been in 
fected with virus diarrhea, 5 with Lepto 
spira pomona, and 5 with Miyagawanella 
hows were also tested. Serums from 
ceptible calves before inoculation and se 
rums with neutralization 
3,150 for infectious bovine rhinotracheitis 
were included in each test as controls 
Serums diluted 1:5 and+1:50 tested 
as described above 

All tubes containing the final serum di 
lution of 1:100 showed a eytopathogenic 
effect and Among the se 
rums diluted 1:10, those from susceptible 
shipping fever-convalescent 
animals immune to either 
L. pomona, virus diarrhea, or M. bovis; 
the preinoculation and postinoculation se 
the 2 infected with a 
virus of calf pneumonia in 1941; and se 
rums from the pools of 38 New York State 
cattle herds did not neutralize the virus 
The serum pools from five New York State 


serums 
Serums cattle convalescent 


calves 


SUS 


indexes above 


were 


were discarded 


from 
from 


calves ; 


calves ; 


rums from calves 
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eterimary ollege 


Department 


State ornell 


INFECTIOUS BoviINeE RHINOTRACHEITIS 533 


Bovine 


TABLE 2—Immunity to Infectious 


Rhinotracheitis 
Serological findings * 


Neutrali 


zation 


Days 
after 
expo index sponse 
sure or in 


Calf Method 
No of infection 


inocu tissue 


lation culture 


fie Intratracheal 12 0 Immune 
414 Contact 22 0 
415 Intranasal 90 10,000 
417 Intratracheal 26 2,000 
422 Intratracheal! 12 58 
23 Contact 41 600 
424 Contact 55 1,600 
425 Intranasal ‘1 500 


Immune 
Immune 
Immune 
Immune 
Immune 
Immane 
Immune 


* The index is computed as the differ 
between the t.c.i.d.co 


ido of virus and postinoculation serum 


neutralization 


ence of virus and preinoculation se 


rum and the tx 


cattle herds, the serum from the New Jer 
sey dairy calf, and serum from infectious 
bovine rhinotracheitis-immune calves neu 


tralized the virus 


COMPARISON OF INFECTIOUS Bovine Rut 
NOTRACHEITIS ViRUS WITH OTHER AGENTS 
Wuicu Propuce Diskase in Carri 


Whenever possible, cross-immunity tests 
that were reciprocal were made between in 
fecetious bovine rhinotracheitis virus, virus 
diarrhea virus, L. pomona, and M. bovis 
In the tests, calves that had been infected 
with a particular agent inoculated 
with the same agent and, in sequence, with 
all the others at intervals of 14 days (table 
3 Methods of producing infection are 
reported in previous publications,’ ex 
cept that used for infectious bovine rhino 


were 


tracheitis which is reported here 
Results that infectious 

rhinotracheitis virus immunized 

itself, but calves protected against 


showed bovine 
against 
virus 


diarrhea virus, L. pomona, or M. bovis 


TABLE 3—Cross-Immunity Tests in Calves Be 
tween Infectious Bovine Rhinotracheitis Virus and 
Other Agents Which Produce Infection in Cattle 


Test agent 


virus 
‘ Virus Rhinotra Lept Miy 
viru liarr 
Rhinotracheit 1/4 t 
na 
Der nator indicat 
teriol« ‘ Yor Wiy ne j t t 
t Ith y t 
i 
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not immune to infectious bovine 
rhinotracheitis. Also, calves immune to 
infectious bovine rhinotracheitis were not 
Immune to virus diarrhea virus 


were 


DisCUSSION 


Tissue culture methods applied in a 
study of the transmissible respiratory dis 
ease in cattle, designated infectious bovine 
rhinotracheitis, yielded a ecytopathogenic 
agent which reproduced the disease in sus 
ceptible calves. Studies of this agent led 
to the conclusion that it was a virus.” The 
studies reported herein are in agreement 
with these findings 

Titration of various tissues during the 
course Of illness has shown that, following 
intranasal inoculation, there rapid 
proliferation of virus in high concentra 
tion in the nasal mucosa only, and other 
tissues contained little or virus. This 
finding correlated with clinical of 
illness and clearly shows that the disease 
is aptly named infectious bovine rhino 
tracheitis 

A neutralization test was developed for 
this virus and shown to be specific, in so 
with 


Was 


ho 


far as no cross reactions were found 
other infectious for cattle 

this test, it was shown that the virus 
neutralized by serums from calves which 
had clinically from infection 
Also, 12 per cent of pooled serums from 
38 cattle herds in New York neutralized 
virus, as did a calf serum which had been 
collected in 1941 at Princeton, N. J. These 
findings strongly suggest that this disease 


agents Using 


wis 


recovered 


has been occurring in cattle in the eastern 
United States for a long time and is not an 
infrequent infection 

Virus did not recovered 
It did 


exposure but, other than continued mainte 


persist in “iil 


mals spread readily by contact 
nance by recently infected animals, no epi 
zootiological explanation has been found 
initial 
three 


This sug 


Calves, after recovery from in 


fection, were immune for at least 


months to subsequent exposure 
the of 
especially where 


value vaccination, 
feedlots 


have 


gests possible 


SeCTIOUS eCO 


nomic losses been reported 


tainly, extensive efforts should be made 


to establish attenuated strains of virus for 
vaccine purposes, This may be possible by 


tissue culture methods 
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SUMMARY 


Infectious bovine rhinotracheitis virus 
has been maintained by culture in 
bovine kidney cells for 100 serial trans- 
fers. It produced cytopathogenic effects 
Temperature elevations that from 
two to six days were induced within 18 
36 hours when virus given intra 
tracheally, and within 72 to 120 hours 
when given intranasally. The virus was 
transferred from infected calves to others 
by contact. In addition tem 
perature, infected calves showed salivation, 
lacrimation, inappetence, and depression 
The calves developed neutralizing antibod 
after to 
subsequent inoculation of virus 

In inoculated intranasally, 
virus greatest in 
exudate. Calves inoculated intratracheally 
showed a high initially in 
the lungs and Jater in nasal mucosa. After 
intranasal inoculation, in 
nasal mucus the following low 
concentrations and gradually 
reaching its highest titer five days after 
inoculation. Virus was not recovered in na 
sal exudate 22 to 60 days after inoculation 

Neutralizing antibodies found in 
some cattle from dairy herds in New York 
1941 


was consid 


tissue 


lasted 


to was 


to increased 


les and, recovery, were immune 


the 
nasal 


calves 
concentration was 
concentration 


virus appeared 
day in 


increased, 


were 


and also in a calf serum collected in 
in New Jersey. Therefore, it 
ered probable that infectious bovine rhino 
cattle the 
been present 


tracheitis oceurs in in eastern 


United States and 
long time 


has for a 
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The Cheek Teeth of Cattle 
N. D. JONES, D.V.M., and L. E. ST. CLAIR, D.V.M., Ph.D. 


Urbana, 


Srupies on teeth have usually placed em 
phasis on the individual tooth rather than 
its relationship to the others in 
When a tooth is studied as a member of a 
series or compared with its homologues in 
other species, certain trends become evi 
dent. Butler! that 
detail on a tooth can be compared with 
corresponding details on adjacent teeth, 
and that only a common morphogenetic 
cause acting on more than one of the tooth 
germs could create such similarity. Thus, 
there is a gradation in form from tooth to 


SeTIOS, 


stated almost every 


tooth along the series. The series has dif 
ferentiated into 
and molar, each of which has developed a 
Becanse of the 


regions: Ineisor, canine, 
degree of independence 
length of the region and the greater num 
ber of teeth, morphological 
evident in the molar 


changes are 
most cheek tooth 
field 

Originally, the term ‘‘molar’’ 
plied to teeth whose table surfaces were 
adapted to the grinding of food. All of 
the cheek teeth are considered members of 
the although the 
term, molar, has popularly been applied 
only to the posterior group. The tempo 
rary deciduous) and permanent 
molars are primary 
teeth. The premolars are members of the 
secondary series, since they replace the de 


Was ap 


molar series, specific 


(milk, 


Classified as cheek 


ciduous molars which also have often been 
How 
ever, investigators, who have observed that 
the primary cheek teeth 
other more closely than they do the see 
ondary ones, have labeled the 
teeth deciduous molars.*:* 
The evolution of teeth 
molar pattern is called ‘‘molarization.’’ 
Butler observed that in the primitive 
perissodactyla the premolars were 
molariform than the deciduous 
which they replace. the 
perissodactyla (Equidae), molarization has 
point where the 
molars and deciduous molars are compar 


referred to as deciduous premolars 

resemble each 
temporary 
toward the true 
less 
molars 


domestic 


progressed to a pre 


Anatomy 
Universit of 


Veterinary 


Medicine 


From the Department of 
Histology 


Illinois 


College of Veterinary 


Illinois 


able. Molarization thus from the 
permanent molars to the deciduous molars 
and then to the premolars. The 
sive chemodifferentiation is brought about 
in a way similar to the organization of 
any tissue.’ 

The standard 
mammals is four 
three, however, which are usually referred 
to as upper or lower Pl], p2, and p3. It has 
been postulated that the canine tooth has 


Passes 


progres 


number of premolars in 


Ruminants possess only 


migrated to the area of the incisors, mak 
ing them four in number, while the first 
premolar has moved to the canine position 
in those ruminants which possess a canine 
tooth.” 
be designated as 
and p4 
the same position as the premolars, they 
be numbered 2, 3, and 4 
Discussions of the crowns of bovine 
cheek teeth have emphasized pulp canals, 
have 


On this basis, the premolars should 


upper or lower P2, 


Since the deciduous molars are in 


also would 


lobes, folds, and capsules * but 
erally omitted the cusps 
the table surface 

cheek teeth in all 
parts of adjacent teeth in a particular ani 


gen 
prominences of 
Homologous parts of 
mammals, as well as 
mal, can conveniently be described by ref 
erence to the CUSPS 

An early discussion of artiodactyl teeth 
stated that the lower molars of ruminants 
are like the upper ones in reverse.*| A re 
cent paper by Garlick ® gave a general de 
scription of the teeth. He 
that the mandibular cheek teeth have two 
roots while the maxillary teeth have three 


cheek stated 


roots. Small accessory roots are sometimes 
present in the former, rarely in the latter 
fully the the 


demonstrating serrated 


occlusion of 


their 


He discussed 
cheek teeth 
appearance and their eccentric apposition 

Whereas eruption the initial 
appearance of the tooth on the surface of 
the Jaw, eruptive movements continue un 
til the tooth is the animal 
The growth of cementum and of the bone 
of the alveolus contributes to these move 


refers to 


lost or dies.” 


ments 

In this paper, special emphasis will be 
placed on the morphology of cheek teeth 
based on cusps and on the extent to which 
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molarization has progressed in cattle. In 
the many skulls examined, the variations 
in beef and dairy breeds of all ages were 
so slight that the general pattern was al- 
ways retained. 


(OBSERVATIONS 


The following symbols will be used to 
identify the individual cheek teeth: up 
per—dm’, dm*, and dm‘; p?, p*, and p*; 
and m', and mM*; lower—dm,, dM,, and 
dM,; P., P,, and P,; and M,, M,, and My. 

The upper primary cheek teeth (dM?®, 
dm*, and mM’, and M*) are similar 
in form with the exception of dm*. The 
height of the crown is greater on the bue 
cal than on the lingual edge. There are 
four major cusps arranged in anterior and 
posterior pairs or units (fig. 1 and lla and 
b). The cusps of each unit are separated 
by an irregular, crescent-shaped infundib 
which = is laterally. The 
convex medial surface of the lateral cusp 
and the concave lateral surface of the me 
dial cusp form the infundibulum. The lat 
eral each lateral forms 4a 
‘W.’’ The medial edge of each medial 
a ‘‘U.’’ The vertical 
on the medial surface of the tooth contains 


concave 


edge of cusp 


cusp forms vroove 


Cukek TEETH OF ¢ 


ATTLI D537 


cusp), which extends 
from the neck to about 1 em. from the oc 
clusal surface of the unworn tooth. The 
crown of the unworn tooth is longer than 
it is wide at the oeclusal surface and is 
wider than it is long near the root. Th: 


a pillar (accessory 


teeth increase in size gradually from the 
anterior to the posterior end of the series 

The crowns of the upper permanent mo 
lars are distinctly higher than those of the 
other cheek teeth and are irregularly rec 
Each tooth has 
three roots placed so that one is beneath 


tangular in cross section. 


each lateral cusp and a wider one is situ 
ated medially (fig. 6). Each is ver 
tically grooved on the surface which faces 
the other The wide root is grooved 
on its medial surface also, Deciduous Mm 
is an exception to the pattern in that if 
has an anterior extending from the 
anterior cusp unit and two posterior roots 
one from each of the posterior cusps. De 
ciduous M* is a small, irregularly shaped 
less complex tooth (fig. 1). The shallow 
infundibulum may be single or doublk 
The edge of the crown is rounded ante 
riorly but pointed posterolaterally. Lat 
erally, there is but one ‘*W.’’ There is no 
The straight 


root 


roots. 


root 


accessory Cusp tooth has a 


Fig. 1—Maxillary cheek teeth of beef heifer, 15 months old, showing deciduous molars and 
permanent molars. The last molar has not erupted. Arrows indicate the cusps. 
Fig. 2—Maxillary cheek teeth of a Holstein-Friesian cow, 5 years old, showing premolars and 
permanent molars. 


Fig. 3—Mandibular cheek teeth of a heifer, 15 months old (see fig. 1), showing deciduous 


molars and permanent molars. The last molar has not erupted. 


Fig. 4—Mandibular cheek teeth of a cow, 5 years old (see fig. 2), showing the premolars and 
permanent molars. Arrows indicate the cusps. 


Fig. 5—Lingual view of the cheek teeth. Rows 1 and 4 are deciduous and 2 and 3 are per- 
manent. The anterior teeth are on the left and the upper jaw is at the top. 


Fig. 6—Buccal view of the cheek teeth. Rows 1 and 4 are deciduous and 2 and 3 are permanent. 
The anterior teeth are on the right and the upper jaw is at the top. 
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Fig. 7—Lateral view of the cheek teeth of a cow, 
5 years old (see fig. 2 and 4), showing occlusion. 


anterior root and a shorter, elbowed, pos 
terior root. Each root is vertically grooved 


on the surface which faces the other root 
fig. 5 and 6 

The upper 
from the deciduous and permanent molars 
in the The table 
surface of a premolar resembles closely a 
unit of the two 
identical ones possessed by a molar (fig. 2 
and lla, b, and ¢). The unit, however, is 
lengthened. The tend to follow th 
pattern fiy. 5 and 6 al 
partially Small 
present The 
those of 


premolars differ distinetls 


arrangement of cusps 


single individual cusp 


roots 
three-rooted 
though they are fused 
may be 


tend to be 


accessory roots 


crowns shorter than 
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the permanent molars. Also they increas 
in size from to p* 

The deciduous and 
molars are in general similar to the upper 
that they are narrower 
reversed in design and form, t.¢., what is 
lateral in the lower jaw is medial in the 
upper jaw (fig. lla, b, e, f, and g De 
ciduous M, and dm, do not follow that de 
sign, Also in a typical lowe 
cheek tooth there are two medial convexi 
ties per unit separated by a shallow verti 
cal groove instead of two **W’s”’ (fig 
4, and Ilf Deciduous M, is unique 
that it has three complete cusp units 
stead of two (fig. 3, &, lle). The 
has a fifth cusp loeated posteriorly (fig. 4 
8, and Ilg A typical lower cheek tooth 
has two roots, one anterior and one poste 
rior. The anterior root tends to be vertical 
but the posterior one slopes slightly eau 
and 9 In d,, there is 


lower permanent 


ones except and 


however 


dally (fig. 5, 6, 
also a slender root beneath the lateral cusp 
of the middle unit (fig. 5, 6, and &). There 
may even be a medial rudimentary root 
The root of M 
of the fifth cusp 


grooved on its 


is large because 


is tr 


poste rior 
This root 


fig. 


angular and medial and 
lateral 

Deciduous M 
table 
the apex directed anteriorly fig. 3 
ld The length of the 


the width. There are no infundibula 


surfaces 

is irregular in shape. Th 
surface is roughly triangular with 
and 
crown ms about 


twice 


Fig. 8—Lower permanent molar 3 at the left and lower deciduous molar 4 at the right. Occlusal 
and buccal view 
The one on the left has been in wear longer than the one 
on the right 


Fig. 9—Lower permanent molar 2 


N. D. Jones L. E. S1 


Fig. 10—Upper permanent molar 2, showing ce 


mentum deposition. 


but two grooves encroach upon the medial 
surface of the crown, A shallow 
present about two thirds of the way back 
on the lateral surface. The two roots are 
farther apart near their apices 
M, is actually a simple, low-crowned, sin 
gle-cusped tooth (fig. 3 The 
are sometimes fused. Deciduous m, and 
the anterior two thirds of dm, differ also 
from the usual pattern in that the medial 
and lateral edges of the table surface may 
be equal in height, or the lateral edge may 
be slightly higher than the 
The anterior half of dm 
an upper cheek tooth 
The between the 


molars 


is 


Deciduous 


two roots 


medial one 


does not contact 
differences 
and the 


lower pre 


lower deciduous molars 
case in the 


dM, 


yreat as is the 
with the 
which Was described above 


are not as 
exception of 
The p 
The Pp, and P, 
that their two 
distinet (fig. 3 


upper Jaw, 
is like 
dm, except that it is larger 
are similar to dM,, except 
medial more 


and 4 


are 


There may be a small infundibu 
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lum instead of the deep posterior groove 
On P,. 

The table surfaces of the cheek teeth as 
a group are The upper and 
lower teeth mesh so that the upper tooth 
is slightly posterior to the corresponding 
one of the lower set. Thus, one tooth con 
tacts two opposing teeth. The lower first 
and upper last cheek teeth contact only 
ol tooth each, however (fig. 7 

The height of the exposed portion of 
the permanent tooth relatively 
constant throughout the life of the animal 
(fig. 9). The continual wearing at the 
table surface makes it that the 
eruptive movements be constant The 
crown continues to get shorter. The roots, 
which are open at the apex, elongate until 
the root laid 


serrated 


remains 


necessary 


canal closes. Cementum is 


down on the apex of the roots and on the 


crown a: the base of the roots. These proc 
esses go on indefinitely but may vary as to 
rate as is shown by the rings of cementum 
on the surface of the tooth (fig. 10). The 
alveolus becomes smaller by the prolifera 
tion of bone. Such processes affecting the 
deciduous teeth are transitory 


SS TON 


Butler found that mo 
larization was complete in all of the cheek 
teeth in the modern horse, but that it had 
affected to a lesser degree the premolars 
and even the molars in the 
primitive horse, it is evident that molar 
ization progresses forward through the de 
molars then the 
Although the cheek teeth of cattle are es 
sentially grinders, complete molarization 
has progressed only through dm®* and dM, 
While it molarizing 
factors which influence the premolars are 
different from those affecting the other 
molars, the pattern in cattle seems to fit 
that of the primitive horse 

The permanent 
have been classified as secondary teeth and 
not primary teeth that erupt late."' The 
extra cusp unit on dm, and the extra pos 
teeth some 

and lle 


Since each is the posterior tooth 


Inasmuch as 


deciduous 


ciduous and premolars 


is possible that the 


molars in some Cases 


terior cusp on M, make these 

what similar in appearance (fig 
and 
of its group, it was argued that the decid 
teeth and the 
closely related 


As has been shown by 


uous cheek permanent mo 


lars are not morphologi 
cally to each other 
teeth are ace 


our investigation, these two 
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Kks 


Rienr 


d(1,-P, 


b 


CHueek Teeru or Carri 


Fig. 11—Schema of the occlusal surfaces of representative cheek teeth of cattle 


tually not alike. It seems likely that the 
extra cusp unit on dM, is the anterior unit 
of that tooth rather than the posterior 


one, 
represents the anterior end of the mo 
larizing field.’* The teeth that 
placed by the premolars, since they 
thus in direct with the molars, 
more appropriately called deciduous 


are re 
are 
SCTICS are 
me 
lars than deciduous premolars 

The amount of tooth ex posed beyond the 
gum line (which may recede slightly with 
is kept attrition 
by deposition of cementum on the 
and on the unexposed crown and by filling 
of the alveolus with bone, especially at its 
‘ The tooth 
the deposition of cementum 
the which it is lost 
The proliferation of alveolar 


aye ceoustant as occurs 


roots 


deepest portion substance 1s 
increased by 
at about half 


by attrition 


rate at 


bone compensates for the other half.* Ce 
mentum is deposited most heavily at the 
apices of the roots and at the base of the 
between the roots. It apparently Is 


old 


crown 


deposited at varying rates, since in 


apices 


teeth it rings or steps 
masses of cementum formed at the 
of the roots are irregular in shape. De 
pressions on the crown are less distinet in 
older teeth 
deposited there more than on the promi 


appears in 


because cementum tends to be 


pences 
SUMMARY 


1) The the cheek teeth of 


tle with special reference to cusp arrang 


form of cat 


The molar pattern has 
set oin 


ment is deseribed 


four major cusps pairs as anterior 
and posterior units 


2) **Molarization’”’ 
an anterior direction. In 
point of molarization 


through and dM, 


proceeds serially it 
cattle, the 
has been achieved 
The other de 


not 


end 


ous molars and the premolars are typ 
ad 


degre eon 


wally molar in type The Process has 


vanced to a somewhat 
the 


la rs 


greater 
upper than in the lower deciduous mo 

The premolars of both jaws are less 
than molars 


molariform the deciduous 


WY 
—— Pp | 
a e 
4. 
\ 
— \ / 
2 ® 
) 
P P 
ay... 


542 


maintenance of visible 


cattle is the 


3) The 


height during attrition it 


sult of deposition of cementum in concen 
particu 


trie rings on the hidden portion 
larly the roots, and of the filling of 


alveoli 
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An Abnormality of the Bovine Penis 


R. R. ASHDOWN, B.V.Sc., M.R.C.V.S. 


Bristol, 


IN 1906, Gerhardt * attempted to establish 
the relationships between the diverse forms 
of penis found in the Artiodactyla. He 
believed the basic plan to be that of a 
fibrous penis with a twisted and simple 
end. This form is found in some 
living members of the order Sus, 
Tragulus meminna However, most forms 
now in existence a subterminal 
enlargement (which Gerhardt called an 
“accessory glans’’) and the distal part 
is modified to form a urethral process 

fig. 1) 

In the bovine penis, the enlargement is 
intimately attached to the urethra. The 
urethral has shrunk to an insig 
nificant papilla and the enlargement has, 
therefore, become terminal. The penis of 
the goat (Hireus) and sheep (Ovis) 
strongly modified from the basic plan rep 
resented by the Indian chevrotain (T'rag 
ulus meminna). The blackbueck (Antilope) 
and the reedbuck (Cobus) show forms 
intermediate between ox and goat. Man- 
dowsky * produced further evidence to 
support Gerhardt’s theory. In particular, 
he showed that the urethral papilla of the 
ox is supported by fibrous bands much as 
the urethral process of the sheep and that, 
in the fetal ox, the urethra is inti 
mately fused to the rest of the penis and 


free 


(eo 


POssess 


pre CCSS 


is less 


less 


shows a marked degree of independence 
which is progressively lost as the animal 
also demon 


between 


becomes more mature. sohm 
strated the embryonic similarity 
the urethral processes of oxen, sheep, and 
goats 

During an examination of over 500 pe 
from entire and castrated oxen of 
various ages, 1 case was encountered which 
showed an abnormality relevant to the the 
ory outlined The Was a 
castrated adult slaughtered at a Bristol 
abattoir in May, 1956. The penis was ex 
amined immediately after slaughter, pho 
tographed, and preserved in formalin 


nises 


above animal 


terinary Anator tn 


Prof 


ry the tenure of an 
studentship inder the 


Ottawa The 


supervision of 
material was photographed |} 


Coombes 


England 


DESCRIPTION OF THE SPECIMEN 


The penis was small and underdeveloped 
as is often found in The 
free end (the part enclosed in the sheath 
when at was 52 mm. long and the 
mean width at its mm, The 
free end was separate from the sheath ex 
cept for a small area at the base and the 
intact frenulum which stretched from the 
urethral the the free 
end. The frenulum was abnormally wide 
at the urethral process 

The general structure of the free 
was normal; a conical part terminated in 
a terminal enlargement and a urethral ex 


castrated oxen 


rest ) 


base was 12 


process to base of 


Sraguluo spec. 


meminna 


Fig. 1—The free end of the penis of several rumi 
nants, illustrating the relationships between the 
different types. (Diagrams modified from Ger 
hardt, 1906). The urethral process is shown in 
black and the terminal enlargement is stippled. 


| 
Antilope 
Cobre 


Fig. 2—The penis of a 
castrated ox, protruded 
from the sheath to show 
the abnormal arrangement 
at the apex (ventral 
view): (a) urethral proc- 
ess, adherent to the 
sheath; (b) urethral ori 
fice; (c) terminal en 
largement; and (d) re 
flected sheath. 


Fig. 3—The same penis 
(fig. 2) of a castrated ox, 
with sheath separated 
from the penis and re 
flected, showing the bifid 
apex (dorsal view): (a) 
urethral process, sepa 
rated from the sheath; 
b, c, d as in figure 2. 


a Cc 
» 
b’ 

¥ 

| | 

4 
4 
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ABNORMALITY 


Fig. 4—The normal penis of a castrated ox with 

sheath reflected, showing the normal arrangement 

at the apex (ventral view): (a) urethral process; 
b, c, d as in figure 2. 


but the relationship between these 
The urethral extension 


tension: 
two was abnormal 
was well developed and separate from the 


terminal enlargement for a length of 10 
mm. It formed a true urethral process 
which was adherent to the sheath (fig. 2 


OF 


THE Bovine PENIS DADS 


The urethra opened at the apical extrem 
itv of the urethral process, and the lumen 
of the urethra within the process was volu 
minous. The terminal was 
normal in shape and position but, because 


enlargement 


of its separation from the urethral process, 
the apex of the bifid with the 
process projecting slightly front of the 
(fig. 3 

For comparison, the normal free end of 
the of adult is 
(fig. 4 The terminal enlargement 
curved at its apex, encircling the urethral 
which it 
the short urethral papilla protrudes freely 


penis Was 


in 
enlargement 
castrated shown 


penis at 


in re 


process to is fused so that only 


from the rest of the penis 
DISCUSSION 
The intimate incorporation of the ure 


thral process into the rest of the free end 
of the penis ° appears not to have occurred 
in this specimen. The abnormality is not 
due to castration; nor are there indications 
that it is due to injury, for the degree of 
adhesion of penis to sheath is not unusual 
It appears that the abnormality 
genital and might be found 
entire bull, although account 
has been found in the literature 
The form of found this 
strongly reminiscent of that seen in those 
members of the Artiodactyla in which a 


Is 


the 
this 


in 
of 


also 


ho 


Penis ith OX Is 


short thick urethral process exists (e.g., 
Antilope This specimen illustrates the 
basic independence of the urethral process 
of the ox, and emphasizes the affinity of 
the bovine type of penis with that of re 
lated members of the ordet 
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Methods of Injecting Tuberculin in Cattle 


AUBREY B. LARSEN, D.V.M., M.S.; LOUIS A. BAISDEN, Ph.D.; 
RICHARD S. MERKAL, B.S.; MEREDITH J. MORRIS, B.S. 


juburn, Alabama 


THE INTRADERMIC tuberculin test is widely taneous injection of killed Mycobacterium tuber 
employed to test millions of cattle each  culosis var. bovis suspended in mineral oil, 1 : 
year. Although a standard procedure is 
used in conducting the tuberculin test in 
regard to the quality and quantity of tu 
bereulin injected and the time that elapses male by three (1) se 
between injection and observation, there is superficially intradermically as possible with a 
no standard procedure regarding the type %-inch, 27-gauge needle; (2) as deeply intrader 
of needle used or the method of inserting  miecally as possible without being subeutaneous, 
the needle to get the maximum response with the same needle; and (3) by thrusting a 
to the tuberculin injected. Lash! stated ‘s-ineh, 22-gauge needle perpendicularly into th 
that the needle should be of the Schimmel i" the full length of the needle. In making 


ceived 20 intradermie injections each of 0.1 ec. of 
1:2 dilution* of intradermiec mam..alian tuber 
culin; one injection in each of the caudal folds 
and nine on each side of the neck. The injections 


the injections with the %-ineh, 22-gauge needle, 


type, 25-gauge, and preferably 14 to M% 

the needle was withdrawn a short distance be 
inch in length. He also stated that the : oa 

1] } | | te i th fore the fluid was injected This was done beeauss 
nee nserver pet ween ‘ay it was observed that, when the inch needle was 
ers of skin, care being taken to Inject inserted full length into the skin and the tubereu 
neither too deeply nor too superficially lin immediately injected, there was a tendency for 
Johnson * stated that a 25- to 28-gauge some of it to leak back around the barrel of th P 
needle, % inch in length, is most satisfac needle, The skin of each injection site was meas 
tors However. some veterinarians use a ured before injection and 48 hours afterward 
ly-inch, 22-gauge needle for making intra Pee in millimeters were made with 
dermie injections The needle is thrust its dermie thiekness giuge, and inereases in skin 
full | neth int t} ki wi th - thickness were recorded as reaction size 

5 . J One month after the first test, 3 of these eattl 

tion Is made were given a second subcutaneous injeetion of 


The usual injection site is one of the killed Myco. tuberculosis var. bovis in mineral oil 
caudal folds; however, in recent years, the to boost their sensitivity, because reactions on 
skin in the neck region has been employed — these 3 eattle were smaller than expeeted in the 


as a site in known tubercalosis-infected first test. A second test, identieal to the first, 


herds * because the skin in this region is #8 conducted on the same 6 cattle 60 days after 
. the first test. 
more sensitive to tuberculin than the skin gs 
> » ’ 4 [Two months after the seeond test, 5 of the 6 
of any other region of the animal’s body 
} eattle again had their enusitivits boosted, this 
iifects of the site differences in t le neck time by an intraperitoneal miestion of killed 
region have been reported by Wadley,’ Muco. tuberculosia yar. bovis. This was followed 
Larsen et al, Van Waveren,® and Sjol with three more tests at 30-day intervals on the 
lema,’ but in no case was a critical evalu ) resensitized animal Phe sts were identi 
tion reported of these differences to the first and second tests exeept 0.2 ee, of 1:8 
This paper presents results of experi lilution of tubéreulin 
, Previous work” hi hown that eattle sensitized 
ments to evaluate three methods of inject : “g 
; . with intraperitoneal injeetions of killed Mycobac 
ing tuberculin in the caudal folds and the 
ferium paratuberculosia bacilli in oil may renet te 
skin of the cervical region and to deter 
mine the site differences within the latter animals were available. the 
region They reeeived three test it interval 
identical to those deseribed f¢ the hovia-sel 
MATERIAL Meritop tized animals xcept that 1:4 dilution 
Six cattle, previously sensitized with subeu of tuberculin was used 
The methods of injeetior n the enudal fold 
From the Regional Animal Disease Research Labora 
tor) Agricultural Research Ser ‘ | s Department Diluted tuber t th x 
of Agriculture Auburn Ala ment hecause ndiluted tul ofter 
From the Animal Disease and Parasite Researcl reactions th neecrot nt ted tt 
Division Haisden and Biometrical Ser ‘ Morris sensitized th « pensior ‘ ed Myer ful 
AKS, USDA Beltaville Mad lowia baci 


im. J. Ver. Res 
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followed an bloek identical 


sites being used on all animals 
two of the 


design, 
Pairings of ans 


incomplete 


three methods were made so that each 
method was paired twice with each of the others 
on a set of 6 animals and used an equal number 
of times on the right and left caudal folds. The 
methods of 


followed a 


three 
heck 


placement of the 
each side of the 


injection on 


three by three 


Latin square design. In this design, each method 
ippears ones in each row and onee in each eol 
umn (fig. 1), the rows and columns being rotated 


from animal to animal. The nine injections were 


placed 3 inches apart, the anterodorsal one being 
inches behind the ear and 


of the neck 


3 inches from the top 


RESULTS 


An analysis of variance was not used on 
the data obtained from the injections made 
in the folds failure to 
obtain reactions on a full set of 6 animals 
of each sensitivity as required by the de 
sign. An analysis of paired comparisons 
by the ‘‘t’’ test showed no significant dif 
ferences between the three methods of in 
The average reactions on the cau 


caudal because of 


jection 
dal folds of bovis-sensitized animals were 
superficial intradermic, 3.45 mm.; deep in 
tradermic, 4.0 thrust, 3.2 
and of the paratuberculosis-sensitized ani 
superficial intradermice, 1.9 


mm.; and mm 


mals mm 


TABLE 1—Analysis of Variance and Average Re 
actions of Three Methods of Injection of Tuber 
culin on the Neck of Bovis-Sensitized Cattle 


Source of [he “ Sum of Mean 
ariation fr lor quares aquar 
Kows 4 12.55 
(olumns 2 16.08 13.04 
Methods 1,608.47 404.24 
Squares ( Latin ; 428.32 62.26 
Animals 674 168 
Sides 
Tests 
Animal x sid 14.51 
Animal x test 61 | 
Other interaction 15 6 
Kow xX square ' 
folumn X square 604.1 1 
Column X anima 40.5 11.19 
Column X side 10.42 
Column xX test 6 0.18 
(Mher interaction 62 $33.97 7.0 
Method x square 65"%.42 x44 
Method x anima 111.0" 14.0 
Method x test 6.7¢ 22.79 
(ther interaction 40.65 
I 6.015. 1¢ 
Method Kow Colamn 
Superficial intrader i I er 6 Front 6 
Deep intradern liddle 6 Midd 6 
rhrust pper Bach 
Significant ut probat t sienif 
int at th 0.01 probabilit 
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deep intradermic, 2.4. mm and thrust, 
1.9 mm 
The analysis of variance of the results 


of the injections made on the neck regions 


of the bovris-sensitized animals is shown 


S—Superficial 
intradermi T Ss D 
D—Deep intradermic 


T—Thrust 


D 


Fig. 1—An example of the placement of the meth 
ods of injection in a three by three Latin square 
design on the neck region 


table 1 
at the 
was hot 
failure to 

There was a highly significant difference 
the thrust the intrader 
methods of injeetion 


the a 
bottom of 


verage reactions are given 
the table. The first test 
used in this analysis because of 
obtain reactions on 2 animals 
two 
The 
different ; 
lower and middle rows were different 
the upper the front and middle 
columns were different from the back col 
The animals and tests were highly 


between and 
and 
the 


from 


mic rows 


columns were significantly 
row, and 
umn 
significantly different, but the sides of the 
neck, on the average, were not significantly 
different. The that 
obtained in this might not 
be reproduced in another single trial or a 
but could be ex 

animals 


average results were 


of tests 
test on a single animal 


pected in testing several over a 
series of trials 

Several method x 
mal, table 2 The 
ing of this is elucidated by the presentation 
table 2) of the ranking of the totals used 
in calculating the mean square of the vari 


ance due to the interaction of methods by 


Interactions an 


were significant mean 


animals. The numbers in parentheses refer 
to the the method totals for 

animal, On 3 animals, the deep in 
totaled tests 
the other 2 animals 
the had 
order on all the ani 


rankings of 
each 
tradermic injection 
ranked first 
it ranked 


over all 

and, on 
second If 
the 


methods 


ranked itl 


mals, the interaction would probably not 
have been significant The other intera 
tions may be interpreted similar 
manner 

The analysis of variance of the results of 


— 


LARSEN—BAIsDEN 


TABLE 2—Ranks of Reaction Totals Summed over Tests of the Methods of 


Morris 


Injection for 


Each Bovis-Sensitized Animal 


Methe 


verfiicial intradern 


pintradern 


Numbers in parantheses 


the the neck regions of the 
paratuberculosis-sensitized animals is given 
(table 4); the average reactions are given 
at the bottom of the table. The row effects 
were not found to be significantly different 


Injections on 


Fig. 2—Location of the site (x) of maximum re 
action to tuberculin. 


in the paratuberculosis-sensitized animals 


Otherwise, the results found to be 
similar to those obtained on the bovis-sensi- 


tized animals. 


were 


Disc USSION 


The results reported indicate that the 
deep intradermic method is the one of 
choice for general field testing on the neck 
region. It gave significantly larger reac 
tions than did the thrust method and 
slightly larger reactions than the superfi- 
cial intradermic method. Its would 
appear to give more reliable 
than would the use of the thrust 
More work would have to be done to prove 
that it is the method of choice on the cau- 
dal folds. 

The results also suggest that the site of 
reactions for the in 


use 
diagnoses 


method. 


choice for maximum 
jection of tuberculin is the anterior, lower 


\nima!ls 


point of the injection the neck 
This site is located just above a line drawn 
from the angle of the mandible to the an 
terior extremity of the manubrium of the 
sternum. The site is approximately one 
fifth the from the angle of the 
mandible to manubrium. The animal 
with both 


area on 


distances 
the 


must be in a normal position 
forelegs together (fig. 2 


It is puzzling that thrust method 


consistent re 


the 
gave nearly as large and as 
actions as the intradermic methods on the 
caudal folds, whereas this was not true on 
the neck. It is not known exactly the type 
of tissue the injections were 
method in either the 
Further it is not 
back-leakage 
which 


into which 
made by the thrust 
caudal folds or the neck 
known the exact extent of 
around the barrel of the 
curred by this method in either region. A 
fact of interest to be considered regarding 


needle 


TABLE 3—Analysis of Variance and Average Re- 

actions of Three Methods of Injection of Tuber- 

culin on the Neck of Paratuberculosis-Sensitized 
Cattle 


Source of 


Variation 


Kows 
Columns 
Methods 
(Latin) 
Animals 
Sides 
Tests 
Animal x test 
Other interactions 
Row x square 
Column x square 
Method x square 
Method x animal 
Method x test 
Other interactions 
hrror 


Totals 


Average 
Methods Columns 
Superficial intraderm | ow Front 4.6 


Middle 4.5 
Back 4.0 


Deep intradermix 
Thrust 
Significant at the Signit 


cant at the O.OL probab 


na not significant 


10.4 199.6(2 129.4 f 
144.6 14.2(1) 1.611 128.6 6x 126.4 
t 40.2 141.6(3 6 ( 7 
rota 14.6 72 44.8 
Degrees sur Mean 
7.83 
6.4 63.22 
76.42 
15.62 
19 1.65 
14 12.455 L061 
157.22 nes 
19 7 
16.4 11 
6.58 7.07 
41.78 10.4 
if 4 
69 


METHODS 


the results obtained on the neck with the 
thrust method is that in 17 per cent of the 
observed that no 
while marked 
in adjacent areas where the in 
jections had been made by the other meth 
ods In several CASES, however, the thrust 
method gave as large reactions as did the 


cases it Was reactions 


occurred, reactions 


observed 


were 


litradermie injections 


SUMMARY 


The effect of three methods—superfi 
celal intradermie, deep intradermie, 
thrust—of injecting tuberculin 
studied in tests carried out on the caudal 
folds and two 
cattle. One group was sensitized by means 
of heat-killed 
Var 


and 
has been 


neck regions of groups of 
tuberculosis 


heat-killed 


Mycobacterium 
bows and the second by 


Vycobacterium paratuberculosis. 


On the caudal folds, no significant dif 
the results obtained by the 
three methods were observed. On the neck, 
however, the two intradermic methods 
gave significantly larger 
the thrust, the deep intradermie 
the largest 


ferences in 


reactions than 


uv 
giving 
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On the neck region, the effect of site of 
studied, 
the 


injection was also and it was 


found that, in general, lower front 


sites gave the largest reactions 
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An Acidified Antigen for Detection of Nonspecific Reactions 
in the Plate-Agglutination Test for Bovine Brucellosis 


JOSEPH E. ROSE, Ph.D., and MARTIN H. ROEPKE, Ph.D. 


Saint Paul, Minnesota 


In 1951, Hess and Roepke demonstrated 
the presence of a nonspecific factor in bo 
vine serum that was responsible for some 
of the apparently reactions in the 
plate-agglutination test for bru 
They devised a filter-paper chro 
matographie test that distinguish 
nonspecific reactions from the reactions re 
sulting from contact or infection 
In further 
factor 


false 
bovine 
cellosis 


would 


with or 
ganisms of the genus Brucella 
work, Hess this 
studied some of its properties 

Following the 
devised a second differential test 
based on the facet that rough 
of Brucella abortus 
agglutinins 
would not absorb specifie agglutinins 

In 1953, Hoerlein ' 
a tube-agglutination test that 
distinguish 


isolated andl 


above studies, Amara 
singhe * 
selected 
absorb 


strains would 


nonspecific from serum but 
reported the use of 
would 
between specific and nonspe 
cific agglutination reactions: for brucellosis 
serum, The nonspecific aggluti 
nins were inactivated by heat at 56. for 
18 hours. Morse ef al 
technique to bovine serums 

The purpose of the present report is to 
describe another differential test which ap 
pears to distinguish between specific and 
nonspecific agglutinins according to their 
agglutination at pH 4.0 in a 
plate-agglutination test 

A number of studied the 
influence of low pIL values on serological 
have found that the 
varies. The activity of antibodies might be 
lowered, destroyed, or even left unaltered, 
depending upon the system studied 

A low pH in the reaction mixture elimi 
nated the precipitin 
lowing antigens: diphtheria toxin, 


In swine 


applied this same 


response 


workers W ho 


reactions response 


reactions of the fol 
egg al 


Medicine, Un 


paper 


From the School of Veterinar 
of Minnesota, St. Paul 
Minnesota gr 


University of Minnesota 


Submitted a 
tifle journal series cultural 
Station 
Taken in part from a thesis submitted to ‘ ncult 
of the School of the Minnesota 
n partial fulfillment of the requirements for the Ph.D 
These 
Animal Disease and Parasite 


Researcl Service 


(iraduate University 
made possible b grant 
Researcl 


Department of 


dewrer studies were 


from the Brancl 
Agricultural 


Avriculture 


bumin coupled with diazotized arsanilie 
egg albumin coupled with diazotized 
m-aminophenyltrimethyl-ammonium chlo 


soluble 


acid, 


ride,'” and pneumococcus-specifie 
substance 

In other merely dimin 
ished the activity of the antibodies, as in 


blood 


CHSOS, low pi 


the absorption of antibody by red 
cells and by bacteria 

Finally, Kabat 
low as 1.44 did not 


ies TO 


that a pH as 
the antibod 


found 
Inactivate 


EXPERIMENTAL PROCEDURES AND RESULTS 


Preliminary Studies In the course of 
studies on the electrophoretic properties of 
purified Brucella agglutinins 
prepared from serums by the method of 
Iless,*:’ solutions of the purified prepara 
tions were dialyzed against buffers of va 
rious pH values. At the dialysis 
buffers in the pH range of 4.0 
to 5.0 diminished the agglutinating acti 


nonspecific 


Times, 


“against 


ity of the preparations 

On the hypothesis that the nonspecifie 
agglutinins acid labile 
amounts of 50° per 
added to 1.0-ml 
low-titer specific and 
The plf values were determined by a glass 
electrode pH meter, after which the agglu 
tination titers determined by the 
standard plate method. The agglutination 
that 
below 


were Inereasing 


cent acetic acid were 


volumes of a number of 


nonspecific serums 
were 
tests showed the titers were nevative 


at pH values $25 for the 
containing nonspecific agglutinins in con 


SCTUTIS 


trast to the titers for the specific-type se 
which remained the 
decreased dilution at pH 

between 3.8 and 4.25. The greatest differ 
ence in the agglutination titers for the two 
in the pil 


the limited number 


either same or 


else one values 


types of serums seemed to be 
range of 3.9 to 4.15 for 
of serums tested 

The encouraging results of these prelim 
inary studies suggested a possible basis for 
au practical field test to distinguish between 
nonspecific Brucella aggluti 
However at simpler 


specific and 


hation reactions 


0 
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method than acidification of individual se 
rums seemed desirable 


directed toward the development of an 


acidified antigen which would ensure a pi 


TABLE i—pH of Acidified Antigens and of 


Serum-Acidified Antigen Mixtures 
pH 
Mixtures 


mi. concen 


trated acid 


close to 4.0 for the serum-antigen mixture 

of the 1:25 dilution of the plate test 
Preparation of Acidified Plate 

(APA) 


colla abortus antigen 


Antigen 
The antigen used was the ** Bru 
plate method) pro 
duced and distributed by the ARS, U.S 
Department of Agriculture, for official use 
in the animal brucellosis control program 
The antigen contains 10.0 
heat-killed 
washed Br. abortus cells in an aqueous so 
lution of 0.5 per cent p 


in this countrys 


per cent (by volume) of and 


henol and O85 per 
cent sodium chloride 

To determine the 
the amount of 


relationship between 
glacial acetic acid in the 
plate-test antigen and the pH of the serum 
mixture at the 1:25* dilution, in 


amounts of 


antigen 


creasing glacial acetic acid 
were added to constant volumes of antigen 


Then 


with pooled 


mixed 
negative, bovine serum in the 
parts of parts of 
In a few instances, the pH of the 
serim-antigen mixtures corresponding to 
the 1:50* dilution 
The pH of these serum-antigen mixtur 

electrode pil 


these acidified antigens were 


ratio of & serum to 34 
antigen 
determine 


Was also 


was measured by glass 


meter 


Test 


Thus efforts were 
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Since lactic acid also provides a good 
buffer system in the region of pH 4.0, sim 
ilar with 
acid 

In the type of results obtained in this 
study (table 1), the data show that 0.06 
to 0.08 ml. of glacial acetic acid per milli 
liter of plate antigen provides a good buf 
the 1:25 dilution of the 
mixture Appreciably 
lactic acid is needed to obtain the same pli 

Attempts were made to develop a more 
highly buffered antigen by trials with vari 
ous buffers composed of organic acids and 
their Such an antigen has 
two main advantages. The pH values of 
the 1:25, 1:50, and 1:100 dilutions would 
differ less from one another than they dif 
fer when a acidified, nonbuffered 
Furthermore, the Brucella 
cells would not be exposed to as low a pil 


measurements were made lactic 


fer system at 


serum-antigen less 


sodium salts 


antigen is used 


in a buffered antigen as that in a nonbut 
fered one. Hence, less deterioration of the 
cells should occur on standing. For these 
studies, the Brucella cells were centrifuged 
out of plate test antigen and the superna 
tant fluid with 
acetate, 2 m acetate, 1 m 
buffer. Appropriate acid-salt ra 
tios to provide a pil of 4.0 of the serum 
antigen mixture for the 1:25 dilution of 
the plate test were selected 


was replaced either 
lactate, or 1 om 


These more hight, buffered antigens, in 
most instances, differentiated between spr 
cific and nonspecific reacting serums, but 
the results were less satisfactory than with 
the antigens acidified with the acids alone 
In some instances, the higher salt 
buffered anti 
gens caused the serum-antigen 
jell. In these 
casionally agglutinated by serums 


eoncen 
trations in the more highly 
mixture to 
addition, antigens were o« 
eontain 
ing nonspecific agglutinins or even by some 
of the 

The above pH. studies 
pooled negative serum obtained from san 
Animal Diagnostic 
Minnesota, for 
agglutination tests A 
whether the buffer 


acid-binding capacity of ind 


negative 


were made with 
ples submitted to the 
Laboratory, University of 
routine Brucella 
question arises as to 
capacity or 
vidual 
result in appre iable 
of the serum-antigen 
information on this 1.0-ml 
ties of five different serums were acidified 


with 0.01 n hydrochloric acid and the pH 


serums might vary sufficiently to 


Variations in tine pil 
mixture. To obtain 


pout quanti 


\ lifted erur serur 
nl. of plate untiger olume olun 
anitiget sone mmitigen ant 
0.01 a4 
00 464 1 
0.05 1.4 4.1 
0.04 ‘ 
0.05 16 4.1 , 
0.06 4.0% 
0.1 
0.14 7 
6 
0.08 
1 drop of ntiee for nvenietr 
t report nated 12 und d 


J. E. Rost anp 


changes followed with a glass electrode pH 
meter, The amount of 0.01 » HCI required 
to reduce the pH to 4.0 was 7.0 + 0.75 ml 
The titration data that the 
buffer capacity of serum in the range of 
pil 3.8 to 4.2 is nearly twice that in the 
pH range of 4.8 to 5.2. To obtain addi 
tional data, 7.0-ml. amounts of 0.01 n HC! 
were added to 1.0-ml. volumes of 19 ran 
domly selected bovine serums and the pH 
values of the mixtures determined. The 
pH values ranged from to 4.17, with 
an average of 4.0] 

The serums from different animals ap 
pear to be fairly uniform in their buffer 
capacity and acid-binding capacity. The 
relatively large amount of acid 
added to the plate antigen provides a buf 
fer system which maintains the pH of the 
serum-antigen mixtures at the 1:25 dilu 
tion within + 0.05 pH units of the aver 
age for individual Variations of 
this degree for serum-antigen mixtures for 
individual serums lie well within the pH 
range of 3.9 to 4.1, which the limited labo 
ratory studies indicate as the optimum pH 
range for inhibition of nonspecifie agglu 
tination reactions as compared with spe 
cific reactions 

The buffer capacity or acid-binding ca 
pacity of the plate antigen is appreciably 
lower than that of serum. Approximately 
0.006 ml. of glacial acetic acid is required 
to lower the pHI of 1.0 ml. of plate antigen 
to pH 4.0, whereas 0.023 ml. of acid 
(nearly 4 times as much) is required to 
lower the pH of 1.0 ml. of serum to the 
same point. The pI of the serum-antigen 
mixture therefore depends largely on the 
volume of serum present, since the volume 
of antigen used (0.08 ml for each dilu 
tion of the plate test is constant 

Kor the initial field trial 
with the acidified plate-test antigen, a sep 
arate acidified antigen was for each 
of the first three dilutions of the test. The 
antigens for the 1:50 dilution and the 1 
100) dilution one-half 
fourth as much acetic acid, respectively, as 
the antigen for the 1:25 dilution. All three 
dilutions (1:25, 1:50, 1:100) had approxi 
mately the same pH 

Vechanism of Action the Acidified 
Plate-Test Antigen.-The low value 
(4.0) of the serum-antigen mixture causes 
an inhibition of the nonspecific agglutina- 
tion reactions rather than inactivation or 


also showed 


acetic 


SeCTUTIS 


phases of a 


used 


contained and one 


of 


M 
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destruction of the nonspecific agglutinins 
This may be demonstrated easily by add- 
ing a drop of a saturated solution of so- 
dium carbonate to the nonspecific serum 
and antigen mixture after the 15-minute 
incubation period. Agglutination follows 
rather quickly after neutralization of the 
acetic acid 

Comparison of Acidified Plate Antigen 
Test with the 56C. Tube Test of Hoer 
lein.°—The serums used to compare the 
two tests were of three kinds 1) serums 
largely in the suspect titer range selected 
at random from submitted to the 
Animal Diagnostic Laboratory, University 
of Minnesota, for routine Brucella agglu 
tination tests; (2) from animals 
purchased for sources serum for the 
isolation and purification of nonspecific 
agglutinins—these were 
on the basis of nonspecific agglutination 
reactions to one or more of the three tests 
(the filter-paper chromatographie test,’ the 
56 C. tube test,° or the absorption test with 
a rough strain of Brucella mentioned 
earlier in this report; and (3) serums pre 
pared by the addition of purified nonspe- 
cific agglutinins to pooled negative serum 
in amounts sufficient raise the titer to 
the 1:50 to 1:100 The agglutinins 
were isolated from the serums of a number 
of animals mentioned above 

The test for heat-labile, nonspecific ag 
glutinins was, with a slight modification, 
that described by Hoerlein ® for swine se 
rum. The antigen used the official 
tube-test antigen prepared and distributed 
by the ARS, U.S.D.A. This antigen con 
tains 0.045 per cent heat-killed cells of Br 
abortus in an aqueous solution of 0.5 per 


those 


seruims 


of 


animals selected 


to 


range 


was 


cent phenol and 0.85 per cent sodium ehlo 


ride. The tests prepared in dupli 
cate, beginning at the 1:25 dilution (0.08 
ml. of serum). The serum was_ pipetted 
into the dry tubes (13 by 100 mm.) and 
the antigen (2.0 ml.) was added later. For 
the 56 C. test, it found to 
place the tubes in the 56 C. water bath im 
mediately after adding the Any 
significant delay in this step appeared to 
cause inconsistent results. A 56 C. air in 
not satisfactory, apparently 
because of the time required for the test 
mixture to the temperature 
of 56C 

Following incubation in the water bath 
for 18 hours, the tests were not di 


were 


Was desirable 


antigen 


cubator was 


reach desired 


read 
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rectly, as recommended by Hoerlein, for in 
instances, the 56. heat test pro- 
duces inhibitors which prevent the forma- 
tion of agglutination clumps that are large 


some 


TABLE 2—Comparison of Tube Test (56C. for 

18 Hours) with Acidified Plate-Antigen (APA) 

Test on Selected Field Serums from Nonvaccinated 
Suspect Animals 


Results of 
tube test 
56 ©. for 
18 hr.) 


APA teat 


results No. of 


serumes 


Total 
no agglutination omplete agglutination 
enough to be visible or to settle to the bot- 
tom of the tubes. The tests are then diffi- 
cult to read and, in some instances, false 
negative reactions are obtained. Henee, 
Hoerlein’s procedure was modified to in 
clude centrifugation of the tubes, after in- 
cubation, at 2,000 rpm. (radius of 17 
em.) for five minutes; decantation of the 
supernatant fluid; and replacement of the 
fluid by saline (0.85% NaCl). This added 
step before reading the tubes eliminates 
reading difficulties due to heat-produced 
inhibitors 

The replicate tube test was incubated at 
37 C. for 48 hours in an air imeubator to 
serve as a standard control 

The procedure for the differential plate 
test was as follows: the test was prepared 
in duplicate with 0.08, 0.04, and 0.02 ml 


test 
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of the serum pipetted onto the glass plate 
for the 1:25, 1:50, and 1:100 dilutions, re 
spectively. One drop (0.03 ml.) of the 
standard plate antigen was added to each 
quantity of serum for the control test, and 
1 drop (0.03 ml.) of the acidified plate-test 
antigen (0.08 ml. of glacial acetic acid /ml 
of antigen) was added for each dilution of 
the acidified test. The serum and antigen 
for each dilution were mixed with a wire 
loop, starting at the 1:100 dilution. The 
‘*spot diameters’’ for the serum-antigen 
mixtures were approximately 21, 25, and 
31 mm. for the 1:100, 1:50, and 1:25 dilu 
tions, respectively. After mixing with the 
wire loop, the plate was rotated briefly to 
provide additional mixing and was allowed 
to stand at room temperature for 15 min 
utes, with rotation of the plate at seven or 
eight minutes to assist in bringing the re 
action to completion. After 15 
standing at room temperature, the plate 
was rotated again and the test then read 


minutes’ 


The reactions were recorded as ‘‘+-’’ for 
complete agglutination, *‘I’’ for imeom 
plete agglutination, and ‘‘—’’ for no ag 
glutination for each dilution of the test 
For the 1:25 dilution with the acidified 
antigen, trace reactions were also recorded 
as incomplete agglutination inter 
preted as positive for specific agglutinins 
A summary of the results obtained on 
80 selected field from nonvacei 
nated suspect animals is shown (table 2 
Of the 80 serums tested, 33 (41.3%) were 
tube test, indicating 


and 


serums 


negative to the 56C 


the presence of nonspecific agglutinins 


TABLE 3—Comparison of the Tube Test (56C. for 18 Hours) with the APA Test on Non 
specific Reacting Serums and on Purified Nonspecific Agglutinin Added to Pooled Negative 
Serum 


Tube test 


Control 
(for 48 hr 


+7 


NONSPECIFIC 


PURIFIED NONSPECIFIC 
I 


1108 
1199 
1200 


on 


* Dilutions of 1:25 to 1°400 
agglutination 


t Dilutions of 1:25 and 1°50 


for 1# hr 


AGOLUTININGS 


complete agglutination, I 


Plate test 


Control 


REACTING SeERUMS 


ALDED TO NEGATIVE Benum 


incomplete agglutination, and 


pH 4.0 
16 
Serun 
446 
1198 
1199 
4 
74 
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whereas 45 (60.0%) were negative to the 
APA test. About 45.0 per cent more nega 
tive tests were obtained with the apa test 
than with the 56 C, tube test 

A summary of the results obtained on 
serums from animals which pur 
chased as sources of serum for the concen 
tration and purification of nonspecific ag 
glutinins is shown (table 3). Ineluded in 
the ‘*synthetic”’ pre 
pared by adding small amounts of the pur 
ified nonspecific agglutinin preparations to 
pooled negative serum 

The type of differences 
the results of the two different 
obtained with the special serums as oc 
curred with the selected field 

All serums, from which nonspecific ag 
giutinins were and purified in 
high yield by the method of Hess,* showed 
to the apa test. The 
purified nonspecific agglutinins, when dis 
solved in negative serums, were again in 
hibited by the acidified antigen 
Apparently, both heat-labile 
hours 


were 


tests were serums 


same between 


tests WAS 
serums 


isolated 


negative reactions 


(D6 for 
forms of 
specific agglutinins oceur. The dual nature 
of these agglutinins is confirmed by studies 
of their physicochemical properties which 
show that two types of nonspecific agglu 
tinin exist, corresponding to the differ 
ences in response to the test.’ One 
type has an isoelectric point of pH 4.32 to 
$.35 and is inactivated at 56 C 
tyne hae an isoelectric point of pH 4.7 to 
4.73 and at 56. for 18 hours 
The isoelectric point of bovine 
globulin under the same conditions is pH 
5.9 to 6.0. All isoelectric pH points were 
determined by microeleetrophoresis. The 
physicochemical the purified 
nonspecifie agglutinins will be deseribed in 
a future report 


1s and heat-stable non 


The second 


is Stable 


studies on 


Disc USSION 
The preliminary studies reported herein 
the effeet of pH on the agglutination 
reactions for Brucella indicate that 
acidified plate-test antigen might serve as 


on 
an 


a practical field test to distinguish between 
specific and nonspecifie Brucella aggluti 
nation. Such a test is being used on a large 
titer serums from the field 


field 


number of low 


to determine its reliability under 


conditions, 


There are no obvious explanations of 
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why agglutination of Brucella by ncenspe 
cific agglutinins is inhibited by pH values 
in the region of 4.0, whereas reactions with 
agglutinins usually remain un 
The reduction of the pH from 
approximately 7.4 serum) to pH 
4.0 reverses the charge 
both the specific and nonspecific aggluti 
nins from negative to positive. If the an 
tigen combines more firmly with the 
cific than with the nonspecific agglutinin, 
it is that 
electrostatic charge might 


specific 
changed 
normal 


electrostatic on 


spe 


conceivable such a reversal ot 
loosen the bond 
agglu 


bond 


between antigen and nonspecific 
tinin while the 
between antigen and specific agglutinin 
The differences in the results obtained 
with the 56. tube test the APA test 
on serums, as well as the studies on the iso 
electric point purified 
preparations of nonspecific agglutinins, in 
dicate that 
nonspecific 


leaving unchanged 


and 


determination on 
there are at least two types of 
agglutinins. A casual 
tion of the preliminary results of the field 
study with the acidified plate antigen sug 
gests that there may be other types of non 


Inspec 


specific agglutinins. This possibility needs 
to be investigated 

Attempts were made to extend the stud 
ies to a tube test at pli 1.0. The tube-test 
antigen used was suitably buffered with a 


buffer. At pH 


serum proteins 


sodium acetate-acetic acid 
$.(), 
precipitated during the 48-hour incubation 
period at 37 C. that agglutination re 


would be 


uch large amounts of 


any 


action not observed 


SUMMARY 


1) At pH values in the region of 4.0 for 
serum-antigen mixtures of the plate test, 
nonspecific Brucella 
tions are inhibited, whereas the specific re 
are but 


agglutination reac 


actions remain unehanged or 
moderately inhibited 

2) To achieve a pH of 4.0 on the plate 
test, use is made of an acidified antigen 
prepared by adding 0.08 ml. of glacial 
acetic acid to 1.0 ml. of Brucella abortus 
antigen (plate method). When 0.03 ml. of 
this acidified antigen is added to 0.08 ml 


of serum, as is done at the 1:25 dilution ot 


the plate test, the resulting mixture has a 


Preliminary results indicate 


pH of 4.0 
that this acidified plate antigen can dis 
nonspecific 


tinguish between specific and 


Brucella agglutinins 
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3) The mechanism of action of the acid- 
ified antigen is one of inhibition of the ag- 
glutination reaction rather than of an in 
activation or destruction of the nonspecific 
agglutinins as shown by the finding that 
neutralization of the serum-antigen mix 
ture restores the 
the serum 


agglutinating activity of 
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Interference Between Anaplasmosis and Eperythrozoonosis 
in Splenectomized Cattle 


LON E. FOOTE, D.V.M.; HELEN E. LEVY, B.S.; BETTY J. TORBERT, B.S.; 
W. T. OGLESBY, D.V.M., M.S. 


Baton Rouge, 


VARIOUS INVESTIGATIONS have demonstrated 
that under given conditions some viruses, 
either inactivated or infectious, will inter 
fere with the simultaneous multiplication 
of other viruses in the In 
some Instances, the interference has proved 
demonstrated that two viruses capable of 
reciprocal interference may simultaneously 
infect the same hos:.'?'* Interference has 
been demonstrated between Bartonella and 
Eperythrozoon infections in mice.’” 
Anaplasmosis is generally considered to 
be a protozoan caused by Ana- 
plasma marginale, a body which appears 
on or near the periphery of erythrocytes 
However, this has chal 
lenged.*”) The Anaplasma body does not 
‘*behave’’ like the causative agent of the 
but itself as an in 
clusion body 


same 


to be reciprocal." also been 


disease 
been 


concept 


characterizes 


disease, 

Eperythrozoonosis is a rickettsial dis 
ease, the causative agent of which is read 
ily filtered through ultrafine fritted glass 
filters or filters of fine 


porosities 


diatomaceous 
‘ 


MATERIAI AND METHODS 


search 


report ineludes recent anaplasmosis re 


and a review of the anaplasmosis research 


records at the Louisiana Exper riment Station dat 
1045 The 
total of 197, 


ing from November, calves employed 


in this research, a were purchased 
beef and dairy 
The me 
“ages of 4 to 205 days 
tuken 
animals, Sodium eit 
The 


administered to the calves subcutaneously or intra 


from auction sales, the University 


herds, and from loeal stoekmen animals 


were splenectomized at the 
Blood for 


various anaplasmosis-carrics 


inoculation purposes was from 


rate was used as an anticoagulant blood was 


venously from 2 to 500 mil 


Blood 


experimental 


in amounts varying 

taken 
three 
that 
Blood film examinations were made of each 
Total red blood cell 


counts, hemoglobin, and hematoerit determinations 


from the 
weekly Some 


samples be 


samples were routinely 


calves times 


studies necessitated obtained 


dlaily 


blood sample and white 


were made on alternate days 


Department of \ Science Louisi 


Bator 


From the 


State 


eterinary 


ata University Rouge 


Louisiana 


DiscUSSION 


Bovine eperythrozoonosis and anaplas 
mosis are two separate and distinct disease 
entities of splenectomized cattle Evi 
dently, the former is widespread in Louis 
liana but either does not cause clinical signs 
in nonsplenectomized cattle or perhaps 
such signs do occur but have not 
properly interpreted. However, anaplas 
mosis is a recognized infectious disease of 
nonsplenectomized cattle. On different oc 
eperythrozoonosis occurred 
spontaneously in baby calves after splenec 
tomy. The clinical signs of the acute or 
peracute form of this disease in splenecte 
mized calves are rectal temperatures rang 
ing from 102.8 to 106.0 F., inappetence, 
depression, and acute muscular weakness 
The total red blood cell count in acutely 
sick calves may from 3,500,000 to 
6,000,000 per cubic millimeter. However, 
animals sick with anaplasmosis show weak 
ness only when they 
mie, Eperythrozoonosis 
easily transmitted between calves by flies 
or possibly by direct contact 
continues to be a problem in anaplasmosis 
research at the Louisiana Station where 
the laboratory animal most frequently em 
ployed is the splenectomized calf 

When 5 ml. of eperythrozoonosis-free an 


been 


CASIONS, has 


vary 


become acutely ane 
appears to be 


This disease 


aplasmosis inoculum is administered to 
eperythrozoonosis-free, anaplasmosis-sus 
ceptible splenectomized calves either sub 
cutaneously or 
incubation period is 14 days 


the first 


intravenously, the average 
date 
body 


from 
of inoculation to 
temperature 
From October December, 1953. 
5 calves were each inoculated with 5 to 250 
ml. of blood from 1 of 5 different adult non 
Calf 
anaplas 


rise In 


through 


splenectomized anaplasmosis carriers 


69913 received inoculum from 2 


mosis carriers, 1 of which was nonsplenec 


tomized (table 1 Three of these carriers, 
69597, 80224, 69596, had 
from experimental anaplasmosis. The other 
three, F-1, F-2, and F-3, had 


and recovered 


field cases 


200 
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ANAPLASMOSIS AND EPERYTHROZOONOSIS IN CATTLE 


TABLE 1—Eperythrozoonosis Interference with Anaplasmosis Incubation Periods 


Splene« First inoculation 
tomized 


calf No Source Amount Date 


69909 60 mil 


69910 50 mil 


69913 
60014 


69106 


Note When microscopic findings or clinical signs 


stroyed or turned to pasture for further observation 


of acute anaplasmosis. Blood was taken 
for inoculation studies from F-1 and F-2 
within 24 hours after these animals were 
given 1 Gm. of oxytetracyecline hydrochlo 
ride intravenously. This small dose of an 
tibiotic is suppressive to the anaplasmosis 
etiological agent, as evidenced by the fact 
that splenectomized calves inoculated at 
this time from F-1 and F-2 developed 
eperythrozoonosis but not 
Blood was taken from F-3 for inoculation 
studies two weeks after this animal had 
been given J] of oxytetracycline hy 
drochloride intravenously sy this time, 
the anaplasmastatic effect of the antibiotic 
evidently had been dissipated, since the 
calf inoculated with this blood developed 
acute anaplasmosis followed by eperythro 


anaplasmosis 


Gm 


ZOOTIOSIS 


None of these calves developed 
anaplasmosis within the usual 14-day incu 
(table 1 
phenomenon, a review of the anaplasmosis 
Station 
was made the last part of December, 1953 


bation period Because of this 


research records at the Louisiana 


TABLE 2—Acute Eperythrozoonosis Infections Resulting in Altered 


show a calf to have 


Second inoculation 


Source Amount rermination 


Destroyed 22 days after inoculation 
because of eperythrozoonosis 

Destroyed 20 days after inoculatior 
because of eperythrozoonosis 

Destroyed 20 days after inoculation 
because of eperythrozoonosis 


followed by 
Died 


Mild eperythrozoonosis 
peracute anaplasmosi« 

days after first inoculation 

followed by 
Died 60 


Mild eperythrozoonosis 


peracute anaplasmosis 


days after inoculation 


cute anaplasmosis (27 daye incu 
bation period) followed by epery 


throzoonosis Destroyed 40 days 


after inoculation because of 


eperythrozoonosisa, the calf is 


Krom November, 1943, to October, 1945, 
10 calves were each given 5 mil. of anaplas 
mosis inoculum from 1 of 4 carriers. The 
anaplasmosis incubation periods of these 
calves varied from 14 to 38 days. From 
October, 1945, to January, 1948, 15 calves 
were inoculated from 1 
37177, which was a 
anaplasmosis and eperythrozoonosis 


splenectomized 
both 
The 
inoculum dosage varied from 3 to 250 ml 
The incubation period of 
these calves ranged from six to 243 days 
larger amounts had 
the shorter incubation periods. From No 
vember, 1950, through January, 1953, 95 


COW, carrier of 


anaplasmosis 


Those receiving the 


calves were each given 5 mil. of inoculum 


from cow 37177. The anaplasmosis incuba 
tion periods of these calves were prolonged 
and varied from 19 to 61 days 
37177 «developed a 

acute attack of eperythrozoonosis the lat 
ter part of February, 1953. Seven 
of blood from cow 
to April 20, 1953 


Clow recrudescent 
calves 
37177 


table 


were given 5 ml 


from March 29 


(Prolonged) Anaplas 


mosis Incubation Periods 


Splenec 
tomized 


alf No Amount 


> mil 


First inoculation see 


ond inoculation 


Amount 


iv 


Kecovered from acute eperythros 


onosis and appeared normal clin 
ral unti! sickening with pera 
ite anaplasmosia after the third 
noculatior Died 330 days after 


the firet noculation 


a 250 n 1-1 177 ow 
«either 
¢ 6959 
69204 1 6-11 69597 " 
6022 71 " 605907 " 
69224 1 ; t 11 7 
640208 1 " 11 805909 m 
6021 717 6-11 6954 n 
6091 on 0-21-54 69596 " 
I ‘ ne tior 


2). None of these calves sickened with ana 
when expected. Consequently, 
a second 5 ml. of blood was given to each 
calf from carrier 69597 Anaplasmosis 
then developed from 59 to 100 days after 
the first inoculation 
cubation periods, due to eperythrozoonosis, 
that the referred to 
above caused the eperythrozoonosis to be 


plasmosis 


These prolonged in 


show recrudescence 
come dominant to the anaplasmosis in cow 
$7177 

Calf 69912 200 mil. of blood 
anaplasmosis-eperythrozoonosis 


was given 
from an 
nonspleneetomized carrier, 69596, and de 
veloped acute eperythrozoonosis. Because 
of the prolonged incubation periods of the 
first 7 (table 2), calf 69912 was 
placed in a pasture, Jan. 21, 1954, after 
he had recovered from the eperythrozoono 


calves 


sis, to determine if the latent anaplasmosis 
interference 
of the eperythrozoonsis infection. The ani 
red blood cell 
count and showed no elinieal signs of ana 
245 


interfer 


infection would overcome the 


mal maintained a normal 
plasmosis or eperythrozoonosis for 
Then, to the 


of eperythrozoonosis could be 


days determine if 


ence over 
come, this animal was inoculated at 15-day 
intervals with anaplasmosis-infective blood 
It sickened with 
after the third tnoculation 
Research at the Louisiana 
October, 1953. shows that 
tion, eperythrozoonosis or anaplasme 
sis, IS dominant in will 
establish itself first in the susceptible splen 
calf further 
when eperythrozoonosis is dominant 


peracute anaplasmosis 


Station since 
whichever infee 


the carrier animal 


ectomized Research shows 
that 
and the calf survives an acute or peracute 


attack, anaplasmosis infection will be 
blocked out indefinitely unless given a see 
ond or third dose of anaplasmosis inoeu 
table 2 


dominant 


However, when eperythro 
the calf 
mild attack, anaplasmosis will become la 
tent until the then, 
rythrozoonosis will become latent and ana 


lum 


ZOONMOSIS IS and has a 


former subsides ; epe 


plasmosis will occur either in the acute or 
If a 


tack of anaplasmosis and 


calf survives the at 
the 
centage of erythrocytes containing 


peracute form 


when per 
Ana 
plasma bodies begins to decline, clinical 
signs and positive blood films of eperythro 
will appear, The erythro 
containing the Anaplasma 


may or may not completely disappear from 


ZOOTLOSIS “avain 


cytes bodies 
the blood stream, depending on the sever 


ity of the attack of eperythrozoonosis 


TORBER1 
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After several days, eperythrozoonosis will 


again become latent and anaplasmosis will 
again become dominant. In some calves, 
this pattern until the 


animal seems to develop immunity to both 


recurs repeatedly 
diseases 

In other calves, the two diseases may ex 
ist simultaneously. Similar observations 
have been made in anaplasmosis-eperythre 
mixed 
such CASCS, the maximum of red blood cells 


ZOONOSIS infections in sheep.*° In 
containing Anaplasma bodies is sometimes 
as low as 30 per cent, yet the calf is just 
as sick clinically and becomes just as ane 
mic as the calf with 80 per cent of 
the erythrocytes containing Anaplasma 
bodies Additional work at this station 
has shown that some calves whose margi 
nal body content exceeded 10 
cent developed the same severe syndrome 
as those with much higher 

In still other splenectomized 
blood films indicate that the etiological 


agents of the two diseases compete for su 


does 


never per 
percentages 


calves, 


premacy for several days before one or the 
other does become dominant 


SUMMARY 


An interference phenomenon exists be 


tween anaplasmosis and eperythrozoonosis 
infections in the splenectomized calf. This 
interference Is reciprocal 

Whichever dominant 
in the carrier itself 
first in the anaplasmosis-eperythrozoonosis 
susceptible splenectomized calf 


infection may be 


animal will establish 


When acute eperythrozoonosis is estab 
lished first and the calf survives, the ana 
plasmosis infection may be blocked out in 
definitely, unless a second or third inoeu 
lation of blood is 
viven 


When a 


Is established 


anaplasmosis-infective 


mild 
first, if 
placed by acute or peracute anaplasmosis 
initial infee 
aciite, if 1s 
calf 


form of eperythrozoonosis 
is subsequently re 


When anaplasmosis is the 
even though it is 
the 


eperys throzoonosis 


tion and 


replaced in splenectomized 
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The Pathology of Virus Diarrhea of Cattle in Indiana 


R. G. CARLSON, D.V.M., Ph.D.; W. R. PRITCHARD, D.V.M., Ph.D.; 
; L. P. DOYLE, D.V.M., Ph.D. 


Lafayette 


in Indi 


contagious, 


VIRUS DIARRHEA (VD), it 
ana, an acute chronic, 
febrile disease of cattle characterized by 
and inflammation of the mucous 
membranes of the digestive tract aecom 
panied by dierrhea, depression, dehydra 
tion, respiratory signs, and leukopenia 

et al. ulcerations in 
volving the oral mucosa, pharynx, larynx, 
esophagus, abomasum, and cecum, and 
hemorrhages in the omasum, small 
tine, cecum, 


as OCCUPS 


Is or 


erosion 


Olafson observed 


subcutaneous tissues, epicar 
dium, and vagina in natural and experi 
mental of vp in New York 
et al.’ observed only oral lesions in 3 of 21 
Wheat ef al 


of vp 


CASES Baker 
observed 
California 
by 
brief 


experimental cases 
in field 
that were similar those 
Olafson. The clinical features 
pathological findings of naturally 
ring and experimental cases of vp-fndiana 
have been deseribed by Pritchard eft al.* 
The animals used in this study included 
some with fatal field infections and others 
with both field and experimental infec 
tions slaughtered in the acute, chronie, or 
recovery phase of the 


lesions in 


to described 


disease 


MATERIALS AND MertTHODS 


use obtained from 


this 


pairs 


Calves for experimental were 
of 


herds having no history disease and were 


housed individually isolation 
The ages of 


to over 1 yeur 


or 
the 


in tight 


animals varied from 2 


All 


units 


weeks experimental animals 
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Virus 
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in preparation 


supported research 


of the 


atudy in by grants 


from Lederle American 


Research 
on Poultry 
American 
Oct 


Association Texas 


Indiana 


least before ex 


week 


results 


were observed for at one 


posure. Clinieal observations, the of hem 


atological determinations, and body temperatures 


were recorded dail or more frequently when 
indicated. 

The agent 
from a field 
adult dairy 
of 


duced 


recovered 
herd of 
of 5 


pro 


this study 


of 


used in 
outbreak 
cattle 
defibrinated 
signs of the 
Defibrinated blood 
the third sixth 


shown 


was 
vp-Indiana in a 
inoculation 


this 


Intravenous 


mi, blood from source 
susceptible calves 
ealf 


exposure 


disease 


collected 


in 


from such a on 
was 
ealf 
for 
OC 
Blood, 


repeatedly examined 


day 


the 


following 


to 


to contain igent by subsequent 


the material 
at 


screw-eap glass vials, 


and served as sources 


in sealed ampules or 


inoculation 


this study material was stored 


urine, and various tissues were 


for an agent other than diarrhea by various 


direct and 
Material 
Animals 


virus 
results 
this 


cultural means with negative 


from 20 calves was ineluded in 


study were slaughtered from nine days 


to three months following experimental exposure 
Gross pathological alterations were reeorded, pho 
of 
tissue changes, and specimens of most tissues were 


10 
histological 


tographs were made some representative gross 


preserved in cent formalin or in Bouin’s 


fluid for The 
were embedded in paraffin and stained with hema 


per 
examination, Tissues 


toxylin and eosin or phloxine 


> 
RESULTS 


All of the 


a response following inoculation 


experimental animals showed 
The most 
pronounced signs were produced in 4 ani 
mals which were 10 to 15 months of age, 
while animals from 6 to 10 months showed 
the next 

Clinical Eramination 
to 3.0 F. rise in temperature on postinocu 
lation (PI table 1 This initial 
febrile response did not oceur until PI days 
fand 5 in 3 animals and was not observed 
at all The temperature 
rise Was accompanied by a decrease in the 
total leukocyte eount of 
$4,000 cells in 11 In the remainder, 
similar decreases until PI 
days Tto 9 


most severe signs and lesions 


There was a 1.0 


day 3 


in 3 other calves 


by an average 
calves 
did not occur 
The most marked clinical signs were as 
sociated with a 
nounced febrile 
on pt day 7 or 8 


during this 


second and more 
which 
The average temperature 


105.5 with 


pro 


response occurred 


stave Was an 


J. Ver. Rea 


1957 


AM 
JULY 


TABLE 1—Data Representative 


or Virus DIARRHEA IN INDIANA CATTLE 


2 
Fikst PHASE 
1) Initial leve 101.8 102.0 
2 Increased to 104 104.7 
+) Days postexposure 
4) Duration (hr 24 
PHASE 
1) Base interim temperature 102.2 101.8 
Increased to 105.4 106 
Days poste xposure 
4 Duration (hr 24 24 
Degrees Fahrenheit 
observed range of 104.4 to 108.0 F. Four 


animals did not show a marked tempera 
ture rise until pt days 10 to 12. The febrile 
reaction subsided within 24 hours in a ma 
jority of the animals but, in 5, tempera 
tures remained high for two to eight days 
Total leukocyte levels tended to remain 
low during the period between tempera 
ture peaks 

During the febrile period, all but of 
the animals were depressed. Three of these 
hyperesthetic during and 
Respiration and 


3 calves were 
shortly after this period. 
pulse rates were increased approximately 
oO per cent during the acute stage. Ano 
rexia retarded rumination, associated 
with a of tympany and a foul 
smelling breath, were observed in all but 
2 of the animals. A dry cough and a serous 


nasal discharge were observed in one half 


and 


degree 


of the animals. The nasal discharge be 
came mucoid in 1 animal. From three to 
eight days after inoculation, 7 calves 


showed signs of lameness 

Diarrhea appeared within three to five 
days after inoculation in 3 animals but in 
the remainder was associated with the see 
In 2 calves, diarrhea 


ond temperature rise 


TABLE 2—Data Representative of Certain 


61 


of the Postexposure Temperature Reaction 


hLxperimental animal 


4 5 6 7 
101.6 101.5 101.6 101.4 10L5 101.2 
101.8 104.4 102.5 102.6 

06 24 72 24 
101.8 102.7 101.6 101.5 101.5 
105.7 106.1 105.2 104.4 104.4 105.9 

was evident for only 24 hours; in the re 


mainder, it was present for two to 20 days, 
with an average of five days. Free blood 
and small blood were evident the 
feces of 3 animals and increasing amounts 
of mucus were observed in all the animals 


clots mn 


Oral erosions, that could be seen on clini 
cal examination, appeared at the 
time as the diarrhea 10 animals 

No change in the erythrocyte sedimenta 
A decrease in the 


same 
inh 


tion rate was observed 
hematocrit, hemoglobin, and total eryth 
rocyte levels was evident (table 2) and 
reached a maximum by pi day 15 or 16 in 
7 of 8 animals on which all of these deter 
minations were The average de 
creases were 9.6 cent for hematocrit 
levels, with a range of 5.5 to 17.0 per cent; 
2.6 Gm. hemoglobin per 100 ml. of 
with a range of 1.0 to 4.5 Gm.; and up to 
a 440 million decrease in total erythro 
cytes per cubic millimeter levels 
and also the total lekocyte counts tended 
remain below pre-exposure levels for 
several weeks. Early changes observed in 
the experimental disease are shown (fig 
13) 

In 


made 
per 


blood, 


These 


to 


3 animals, exacerbations and remis 


of the Postexposure Hematological Changes 


Experimental animal 


Porat Levert 
1 Initial level 70 9.0 11 6.55 7.9 10.0 ~ ’ 
Depressed to 16 +o 44 
+) Daya postex posure 4 ~ 
4) Duration (hr 120 24 4* 120 144 4 4 
ERYTHROCYTE VOLUME 
1) Initial level 16.0 0 0 7.0 40 
2 Depressed to on 2 ~ 
Days postex posure 6 6 16 
(Gm_./100 ml. of blood 
1) Initial level 12 12.0 12.0 l i 
2 Depressed to 0 7 if 
Days postexposure 6 6 10 if 
AGRANULOCYTES 
Days postexposu re 4 2 it 
Indicates animal was necropried in acute stage oth te 140) Leuke t if per it 


mete Percentage of erythro tee 


(CARLSON 


Fig. 1—A section of a lesion of the oral mucosa 
that extends through the basal cell layer. Ap 
pearance is typical of lesions of stratified squamous 
epithelial surfaces, The few infiltrating cells are 
polymorphonuclear leukocytes. Note the lack of 
other inflammatory signs. Experimental case. x100. 
Fig. 2—Early stage of an esophageal lesion from 
an animal with an acute field infection. Note the 
cellular infiltration and edema of the papillae, the 
areas of necrosis (arrows), and the vacuolization 
of some of the more superficial cells. x 100. 
Fig. 3—Gross esophageal lesion from an animal 
with an experimental infection, three months after 
exposure. 
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sions of clinical signs were noticed at ap- 
proximately two-week intervals for two to 
three months before they were slaughtered 
These animals were thin, had rough coats, 
showed frequent signs of bloat, and ap- 
stunted 
cases of chronic yp observed under natural 


peared They closely resembled 


conditions 


TABLE 3—The Percentage of Occurrence of Cer 
tain Pathological Changes Observed in 20 Experi- 
mental Cases of Virus Diarrhea-Indiana 


Lesion Occurrence ( 


Loss OF SURFACE EPITHELIUM 

Oral mucosa 

Ksophagus 

Kumen and omasum 

Vagina 

LOSS OF SURFACE EPITHELIUM ASSOCIATED 
WITH CONGESTION, HEMORRHAGE, AND Evry 
Vharynx 

Abomasum 

Small intestine 

lleocecal valve 

Cecum 

Cecocolic junction 

Colon 

Rectum 

Gallbladder 

EDEMA 

Lymphatic tissue 

Larynx and trachea 


LYMPHOID EXHAUSTION 


Postmortem Affected an 
imals showed dehydration, 


weight loss, diarrhea, and had rough coats 


evidence of 


Gross and microscopic changes were most 
prevalent in animals with subacute, 
chronic, and recovering and were 
least prominent in those with early field 
and experimental Certain of the 
changes observed in the experimental ani 
mals are tabulated (table 3 

Digestive System.—The agent appeared 
to have an affinity for the epithelium of 
the digestive tract, in particular, and 
there produced the characteristic 
changes. Signs of inflammation and loss 
of surface epithelium were found from the 
muzzle to the anus. Most early lesions were 
not accompanied by a pronounced inflam 
matory cell 


CaSCS 


CASES 


most 


reaction 


Lesions of the stratified squamous epi- 
thelial surfaces of the upper portion of the 
digestive tract were all of the same general 


nature (fig. 1 to 3). The superficial layers 
of such epithelial surfaces were most fre- 
quently affected but, similar to rinder- 
pest,” initial involvement of cells immedi 
ately above the germinal layer did oceur 
The cells in affected areas had pyknotie 
and fragmented nuclei and homogeneously 
pink-stained or vacuolated cytoplasm. The 


— 

Sol 
4 
ras 4 a 10 
‘ 
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depth of these lesions varied. Some, espe 
cially those of the oral cavity, extended 
through the basal cell layer. A sharp line 
of demarcation usually existed between 
normal and affected areas 

Lesions on the muzzle and in the 
cavity first appeared as areas of hypere 
mia. Later local and sloughing 
occurred, leaving well-defined areas of ero 
sion with raw-appearing bases. 
the muzzle and lips were generally larger 
than those of the oral cavity. Oral lesions 
exceeded 1.0 em. in diameter in 


oral 
necrosis 


Lesions of 


seldom 
acute 

Edema, 
tissue, congestion, and slight 
were observed in the pharynx of 30 per 
cent of the experimental animals. Micro 
examination revealed degeneration 
and slight loss of the surface epithelium 
visible pharyngeal erosions were 
either animals with field or 
experimental infections 

EKrosions of the esophagus were found in 
those cases showing oral involvement. The 
length of the esophagus was in 
with a few to 
Karly 


eroded 


lymphatic 
hemorrhage 


particularly of the 


scope 


( irossly 


in 


entire 


volved, numerous linear 
lesious appeared 


with only 


erosions (fig. 3 
as well-defined, areas 
slightly 
lesions of the esophagus had the same ap 


congested bases 
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pearance as oral erosions although fewer 
extended through the basal cell layer. Pro 
nounced inflammatory cell reactions were 
not observed in esophageal lesions. 

The rumen, reticulum, and omasum were 
Ero 
were 


infrequent sites of gross involvement 
sions and necrotic foci occurred but 


few in number and were confined 


pally to the 


rumen pillars and omasal 
leaves. 

Variable degrees of congestion, hemor 
rhage, and edema were observed grossly in 
the abomasums of all animals with acute 
fand 5). The py 
lorie portion was the most frequent site 
for severe involvement. Here, grossly vis 
ible erosions were evident in 40 per cent 
of the experimental animals. In the more 
these varied from 
healed The 


more stiper 


and chronic cases (fig 


chronic lesions 


newly 


CHSECH, 
formed to completely 
lesions may involve only the 
ficial tissue or extend entirely through the 
mucosa, Scarring was common in chronic 
and recovered CHSOS 
Histological examination of the aboma 


sum revealed considerable loss of surface 
epithelium. Edema of the mucosa may be 
marked and is associated with atrophy and 
dissociation of the cells lining the erypts 
There alteration of the 


was considerable 


Fig. 4—Pyloric portion of the abomasum from an animal with a chronic experimental infection 
Note the congestion and hemorrhage, the healed erosion (arrow), and the edema of the mucosa 
and submucosa as indicated by the thickened rugae. 

Fig. 5—The histological appearance of the mucosa of the fundic portion of the abomasum from 
an experimental animal nine days after exposure. Note the edema of the mucosa and submucosa 


and the beginning desquamation of the surface epithelium 


x 100. 
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Fig. 6—The microscopic appearance of the pyloric 

portion of the abomasum from an animal with a 

chronic field case, showing metaplasia of the sur- 

face epithelium, disorganization, and atrophy of 

the pyloric glands 30 days after the onset of signs. 
x 100. 


normal architecture chronic cases 
( fig 6). 

A catarrhal enteritis, especially in the 
duodenum, was present in almost all ani 
mals and was associated with congestion, 
hemorrhage, and edema of the mucosa 
Necrosis of the tips of the villi (fig. 7), 
apparently following loss of the surface 
epithelium, was common, Peyer’s patches 
were frequently clearly evident through 
the serosal surface as a result of edema. 
Marked subserosal edema at the mesenteric 
attachment was found in 3 field cases. 

Histological examination of the small in 
testine revealed a pronounced dilatation of 
the lymph spaces and edema between the 
degenerative and desquamating surface 
epithelium and the stroma of the villi (fig. 
8 and 9), The loss of surface epithelium 
was pronounced in a majority of the ani- 
mals examined, In animals with field in- 
fections which survived a attack, 
there was frequently a definite decrease in 
the length and number of villi remaining. 

Changes very similar to those seen in 


severe 


the small intestine were observed in the 
cecum, colon, and rectum (fig. 10). The 
ileocecal valve, cecocolic junction, lower 


colon, and rectum were the areas most fre 
quently involved, Petechiae on the longi 
tudinal folds of the often formed 
what appeared to be continuous streaks of 


colon 


Prive 
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hemorrhage. Small blood clots and free 
blood were found in the lower colon and 
rectum of 3 of the more severely affected 
experimental animals 

The liver and gallbladder were not con- 
sistently involved. Hepatitis and cholangi 
tis were observed in 2 experimental calves 
Fatty degeneration was observed in most 
calves which past the acute stage 
Erosion, and edema of the 
mucosa of the gallbladder occurred in 3 
Degeneration and necrosis of the 


were 
hemorrhage, 


animals 
cells of the mucosa and the associated mu 
cous and serous glands (fig. 11) was evi 
dent in these With the exception 
of degenerative changes in the epithelium 
of the pancreatic ducts, no specifie lesions 
were observed in other organs of the di 


gestive system 


calves 


lLiymphatic and Blood Vaseular Sys 
Palpable lymph nodes were grossly 
enlarged in 50 per cent, and Peyer’s 
patches and lymph nodes of the abdominal 
viscera were enlarged and edematous in 
90 per cent, of the acutely affected 


tems 


ani 


mals. Hemorrhage and congestion of the 
lymph nodes of the abdominal viscera were 
found occasionally in animals with field 


infections. Histological examination re 
vealed lymphoid exhaustion in addition to 
edema in 60 per cent of the acutely affected 
experimental animals. In some instances, 
almost all of the lymphoid follicles exam 


\ 


Fig. 7—Loss of surface epithelium with some nec- 

rosis of the tips of the duodenal villi in a recover- 

ing field animal. The infiltrating cells are princi 
pally lymphocytes. x 100. 
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Fig. 8—Small 
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i 


intestine, showing edema of the mucosa and Peyer’s patch (arrow). 


Fig. 9—The histological appearance of the small intestine in an animal with an acute experi- 
mental infection, showing loss of surface epithelium, degeneration, and atrophy of epithelial 
cells in the crypts, and edema of the mucosa and Peyer's patch. x 40. 


ined appeared depleted, while in others 
only a few were affected. 

The gross appearance of the spleen was 
normal in experimental calves. A deple 
tion of the germinal centers in acute cases 
was the only histological change observed. 
The neerotie foci, which were occasionally 
observed in both the spleen and lymph 
were associated with but did not 
appear to involve an entire germinal 
center. No pathological alteration of the 
hematopoietic system was found. 

Subendocardial hemorrhages at the base 
of the papillary muscles in the left ventri 
cle, subepicardial hemorrhages near the 
base of the heart, and atony of the myo- 
cardium were the principal cardiac lesions 
observed. Serous infiltration of the fat at 
the base of the heart was observed in long- 


nodes, 


standing cases. 

Respiratory System micro 
scopic lesions of the mucosa, resembling 
those of the alimentary tract, were not ob 
served. Acute, fatal field cases frequently 
showed congestion of the cavity, 
larynx, and trachea, and a tenacious mu- 
cous exudate. Edema, around the larynx 
and trachea, was noted in these field cases 
and in 2 of the experimental calves. Patchy 
congestion of the nasal and tra 
chea was observed in acute experimental 
animals but no exudate was present 

In the lungs, minor areas of consolida 


Gross or 


nasal 


mucosa 


tion, atelectasis, and both alveolar and in- 
terlobular emphysema were common. These 
changes appeared to be associated with the 
general condition of the animal rather 
than being specific changes brought about 
by the causative agent. 

The kidneys eom 
the cortex 


Urogenital 
monly 


System 


showed congestion of 


Fig. 10—Microscopic appearance of the mucosa in 

the cecocolic region, showing complete loss of sur 

face epithelium, mucoid degeneration of the epi 

thelium of the crypts, and edema of the stroma 
x 100 
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and corticomedullary junction. Observed 
changes in the tubule cells seldom consisted 
of anything but albuminous degeneration. 
Serous infiltration of the perirenal fat oe- 
curred in 2 chronic experimental cases. 
Animals slaughtered in the chronic or re 
covery stage showed atrophic changes pri- 
marily in the collecting tubules. 

Small areas of degeneration and necrosis 
of the urinary bladder epithelium were 
observed in 2 field cases and were associ- 
ated with congestion of the bladder wall 
at those points. In 1 experimental calf, 
the vaginal mucosa was eroded. 

Nervous System.—Gross involvement of 
the central nervous system was not ob- 
served, Slight perivascular cuffing and 
gliosis occurred in 2 field and 1 experi- 
mental cases. No inclusion bodies were 
found in any tissue. 

Endocrine, Skeletal Musculature, Integ 
umentary, and Skeletal Systems.—No spe 
cific pathological alterations were observed 
in any of these systems. The only lesions 
observed were those commonly associated 
with debilitating conditions, e.g., scurvy, 
dehydrated skin, and atrophy of many of 
the parenchymatous organs. 


DISCUSSION 


The pathological changes observed in 
this disease involved primarily the mu 
cosa Of the alimentary tract and lymphatic 


tissue. These changes were observed to be 
present in experimental animals as early 
as the ninth day and as late as three 
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Fig. 11—An acute lesion of the gallbladder. “There 

is extensive loss of surface epithelium, dilatation of 

the glands of the mucosa, and atrophy of the 

glandular epithelium. Edema is present but only 
slight cellular infiltration. x 40. 


exposure. There was a close 
between the 
occurring and experimental 


months after 


resemblance lesions observed 


in naturally 
cases of the disease. The changes were, in 
general, more severe in field cases than in 


experimentally induced cases. Under field 
conditions, the mortality rate varied from 
0 to 50 per cent and averaged less than 10 
per cent. No deaths occurred in this series 
of experimentally infected animals. 
Necrosis and desquamation of cells from 
the surfaces of membranes was 
characteristic. The mucosa of the alimen 


mucous 


tary canal was most frequently affected, 


1 Fig. 12—The clinical find 
ings in a calf following 
experimental infection. 
Necropsy on the tenth 
day revealed pronounced 

acute lesions of 

\ diarrhéa. 


virus 
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but similar lesions did occur on other mu- 
cosal surfaces. Congestion and hemorrhage 
appeared to be secondary to the loss of 
surface epithelium and occurred more fre- 
quently where unstratified cell layers were 
present. The lack of an inflammatory cell 
reaction to these changes was obvious in 
many cases. Abomasal ulcerations, partic- 
ularly in the region of the pylorus, and 
hemorrhage and congestion of the ileocecal 
valve are frequently found in otherwise 
normal animals. Care should be taken to 
avoid erroneous interpretation of these 
lesions. 

Edema appears to play an important 
role in causing certain of the signs and le 
sions of vp-Indiana. In acute cases, many 
of the pathological changes that occur from 
the abomasum to the anus seem to be re- 
lated to the degree of edema present in the 
mucosa and submucosa. This relationship 
was most obvious in the small intestine 
where necrosis and desquamation of the 
epithelium were consistently associated 
with edema of the mucosa. Edema may 
also cause the diarrhea and the rapid 
weight loss and dehydration observed in 
the disease. Lymphoid tissue, particularly 
that of the intestinal wall but also that in 
other areas, is frequently edematous in the 
acute disease. This results in a high per- 
centage of the animals having clinically 
detectable enlargement of the external 
lvmph nodes. 

On the basis of the report by Olafson 
et al.’ there are no apparent major differ- 
ences in the gross pathology of vp-New 
York and vp-Indiana. Experimental evi 
dence indicates that vp-Indiana may be 
caused by a different ‘‘type’’ of the same 
virus that causes vp-New York rather than 
being a distinctly different disease.’ 

The tissues from 10 natural cases of 
mucosal disease '*'! were examined in con- 
junction with this study in an effort to 
compare the pathological changes in these 
conditions. In mucosal disease, they 
are much more than in vb, even 
though the distribution and character of 
many of the lesions are similar. In mu 
cosal disease, erosions, ulcerations, and de 
struction of lymphatic tissue are wide 
spread in the alimentary tract. Involve 
ment of the oral cavity, esophagus, rumen, 
and omasum may be extensive. In mucosal 
disease, atrophic and metaplastic changes, 
ulcerations, hemorrhage, conges- 
and changes are 


two 
severe 


erosions, 


tion, associated 


edema, 


PaTHOLOGY oF Virus DiaRRHEA IN INDIANA CATTLE 


567 


very conspicuous from the abomasum to 
the anus on both gross and microscopic 
eXamination, 

Mucoid degeneration of the epithelial 
cells of the mucosa, particularly of the in 
testinal diverticula, is frequently observed 
from the duodenum to the rectum in mu 
cosal disease. In the cecocolic region, these 
changes closely resemble rinderpest.’ An 
additional resemblance to rinderpest is 
seen in the lymphatic tissue of the small 
intestine. In both conditions, little lym 
phatiec tissue may remain. Peyer's patches 
become degenerated, necrotic, and fre 
quently slough. In mucosal disease, such 
lesions often show remarkably little cellu 
lar reaction and rapidly become covered 
with metaplastic epithelial cells. Lesions 
of this nature have not been observed in 
vp-I ndiana. 

In addition to the pronounced lesions of 
the mucosa and lymphatic tissue of the 
alimentary tract in mucosal disease, 
changes are frequently observed in other 
Focal necrosis of the liver with an 


organs. 
associated lymphocytic infiltration com 
monly occurs in mucosal disease. Atrophie 


and degenerative changes in the liver and 
kidneys are much more pronounced than 
in vp-Indiana, Focal necrosis of the germi 
nal centers in the spleen and lymph nodes 
are also observed in vp-Indiana but not to 
as great an extent as in mucosal disease 


SUMMARY 


An effort was made to characterize the 
pathology of virus diarrhea (vp) of cattle 
as it Indiana. The information 
was determined from clinical examination 
and necropsy of animals with fatal field 
infections and field and experimental ani 
mals slaughtered in the acute, chronic, or 


oceurs in 


recovery phase of the disease 

There was considerable variation in the 
degree of pathological involvement ob 
served in both experimental and field cases 
of vp-Indiana. The changes were, in gen 
eral, more severe in field cases than in the 
experimental disease. There was, however, 
a close resemblance between the character 
of the lesions observed 

The mucosa of the alimentary tract, 
from the muzzle to the anus, and lymphoid 
tissue were the most nearly constant sites 
for pathological alteration. Lesions of the 
digestive tract were primarily of an ero- 
sive and uleerative nature and were asso 
ciated with edema, congestion, and hemor- 


("ARLSON 


where 
only a single cell layer separates the lumen 
of the tract from the underlying vascular 
stroma. Edema and exhaustion of the ger 
minal centers were the principal changes 
observed in lymphatic tissue. The majority 
involving other were 
considered to be secondary and nonspecific. 


rhage, particularly in those areas 


of changes tissues 
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The Endogenous Development of Eimeria Zurnii, 
a Pathogenic Coccidium of Cattle 


LEONARD REID DAVIS, Ph.D., and GEORGE W. BOWMAN 


Auburn, Alabama 


EIMERIA ZURNU ( Rivolta,’* 1878), Martin,'® 
1909, one of the ten species of 
occurring in eattle in the southeastern 
United States, is probably the most patho- 
genic, as it, along with Eimeria bovis, is 
most frequently involved in clinical coc- 
In 1878, Préger,' a veterinarian 
in Switzerland, observed that calves died 
following a severe enteritis, and he sub- 
mitted pieces of intestine to F. A. Ziirn 
for examination. Ziirn'® published a de- 
scription of the numerous parasites that 
he found in the epithelial cells and con- 
tents of the intestine. Zschokke’® and 
confirmed the cause of rote Ruhr, 
or ‘‘red diarrhea,’’ and ineluded drawings 
of the distended, parasitized glands of the 
intestine. 

Various descriptions have been made of 
the stages in the intestine, but these have 
been based on material obtained postmor- 
tem from naturally infected, fatal, or elin 
ical cases, some of which have been mixed 
infections. One of the most complete de- 
scriptions is the publication by Smith and 
Graybill.'* The present paper supplies in- 
formation on the endogenous development 
in calves artificially inoculated with pure 
cultures of sporulated oocysts of E. zurnit 


coccidia 


cidiosis.' 


Hess * 


MATERIALS AND METHODS 
Fourteen calves ranging in age from 2 days to 
Methods 


of raising calves experimentally at this laboratory 


% weeks were used jin these experiments 


have been deseribed.”* No muzzles were used on 
the calves in the present study The 
from feces of both 


infected 


oocysts were 
naturally and arti 
oocysts of E 
uncontaminated by other species. Sporula 
by the method of Ham 
The number of oocysts admin 


obtained 


ficially calves showing 


zurnit 
tion Was accomplished 
mond and Davis. 


ranged between 500,000 and 50,000,000, 


were killed at 


20 days after inoculation 


istered 
intervals between two and 
None were killed after 
that in 117 inoeu 
resulted in 94 


Calves 


was reported 
which 
showed the greatest 


that, beeause it 
lations with &, 
**takes,’’ 
bers of oocysts discharged on the nineteenth and 


gurnit, 


more calves num 


Research 
Department o 


From the Kegional Animal Disease Labora 
f 


tory, Agricuitaral Research Service, U.S 


Agriculture Auburn Ala 


twentieth other time Unpub 


lished data 
that in a group of 


days than at any 


from the same experiments showed 


40 culves with high peaks of 
prepatent period ranged 
14.0 
peaks oceurred between eight and 41 
patent 


oocyst discharge, the 


tween eight and 28 days (average, days 


the highest 


days (average, 19.5 days), and the period 


ranged from three to 28 days (average, 12.8 


days 


Ooeyats suspended in water were orally 


given 


4 nippled flask in single inoculations, 


by means of 
with the exception of the following: 1 calf was 
second and before 


third and tenth days, and 


inoculated on the ninth days 
killing, another on the 
one On the ninth and tenth days. The remainde: 
killed on the following days of the 

7 13, 14, 15, 16, 17, and 19 days 


after they 


were evel 


All calves were examined immediately 


were killed 


Smears in saline were examined microscopically, 


and tissues for sections were obtained approxi 


mately every 6 feet intestines 


Zenker 's 


formalin 


throughout the 


Fixation was accomplished regularly in 


and, oceasionally, in touin’s fluid or 


Hematoxylin and eosin or Giemsa stains were 


used 


ResuLts AND Discussion 


Schizonts in Tissue 


On the second day, 


Asexual Stages 
1 to 6 


and 


Sections ( fig 
the youngest 
served were mostly uninucleated ; appar 
ently they They had 
penetrated the tissues of the small intes 
tine approximately 12 and 18 feet below 
the abomasum. One, only 3.5 » in diam 
eter, had penetrated the glands and was 
lodged next to the muscularis 
another found between the nu 
cleus of a cell and the lumen of the gland 
These young schizonts had a clear area 
surrounding the centrally located karyo 
some in the nucleus. As in most of the 
younger stages, the parasites invariably 
were encircled by a clear zone separating 
them from the cytoplasm (fig. 2 
giving the appearance of shrinkage due to 
fixation other manipulations before 


smallest parasites ob 


were sporozoites 


mucosae 


one Was 


host 


and 

sectioning 
sy the third day, the 

rounded, 


schizonts were 


bodies avy 


The 


uninucleate 
diameter (fig. 2 


mostly 


eraging 7.0 mw in 
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karyosome was centrally located in a non- 
staining clear area. The schizonts were 
found in the upper small intestine 18 to 24 
feet below the pylorus. No stages were 
found on the fifth day. 

On the sixth day, developing schizonts 
with many nuelei (fig. 3) were found in 
the small intestine & feet below the pylorus 
and at 16 feet above the cecum. They were 
distally located (between the host nucleus 
and the apex of the cell). They ranged 
between 3.5 by 4.9 » and 7.0 by 9.8 yp, 
the latter dimensions being those of a 
nearly mature schizont, with merozoites 
beginning to elongate. No parasites were 
found in the sections made on the seventh 
day. 

In the calf inoculated nine and ten days 
prior to slaughter, the only parasite ob- 
served was in the distal tip of a cell in the 
upper cecum. It was a body 1.4 to 2.8 p» 
in size. This was probably a merozoité 
that had rounded up and was beginning 
to form either another schizont or a 
gametocyte 

Developing schizonts at 12 days were 
found in the cecum and lower colon, rang- 
ing in size between 4.2 and 7.0 ». They 
were distally located in the cells. At 14 
days, many more stages were found than 
in the calves killed earlier. Most were 
found in the areas about 18 and 32 feet 
above the ileocecal valve. Early schizonts 
with numerous nuclei measured 5.6 to 7.0 
in size, while 
merozoites and residual bodies were 5.6 by 
11.9 » in elongated ones and 9.4 by 11.2 
wm in the more rounded They were 
found on either side of the nucleus. The 
merozoites in the measured 1.2 
by 6.3 » in the sections 

Schizonts on the fifteenth day contained 
between 24 and 36 merozoites (fig. 4 and 
measured &.4 by 11.9 » to 10.5 


mature ones containing 


schizonts 


5) and 


L. R. Davis anp G. W. BowMaAn Am. J 
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by 16.1 yp, averaging 9.5 by 12.3 ug. 
Some schizonts partially extruded 
into the lumens of the intestinal glands. 
Most were located in the small intestine 
at 1 and 18 feet above the ileocecal valve. 
Some of these were immature schizonts 
with only about five to eight nuclei show 
ing. One 3.5 p-sized was found 
in the apex of a cell, and it appeared to be 
a rounded-up merozoite, with an eccentri- 
cally located karyosome. One schizont was 
found within 6 feet of the pylorus, and its 
location was probably due to its being de 
layed some place in the digestive tract, 
such as the rumen. 

Roudabush '* reported that some sporo- 
zoites of rats 
found free in the lumen of the cecum at 
three days. Hammond ef al.* reported that 
surgical stenosis just prior to inoculation 
with oocysts of E resulted in the 
greatest concentration of schizonts in the 
region from about 3 feet anterior to the 
partial blockage to about 2 inches below it 

The present authors occasionally have 
found sporulated oocysts, apparently from 
the inoculum, being passed in the feces 
two days after inoculation, and also found 
that cellophane tubes containing 
sporulated oocysts and protected by per 
forated gelatin capsules or by perforated 
aluminum capsules were intact in the ru- 
men of long as two and three 
days, respectively, after inoculation. Any 
delay in the passage of oocysts through 
the long digestive tract of a calf could 
possibly enable the sporozoites to be ex- 
cysted and ready to penetrate the intesti- 
nal wall near the instead of the 
usual farther down. Also, a reverse 
peristalsis of the 
for a schizont in the anterior portion of 
the intestine. 


rhe 


were 


parasite 


separata in were 


bovis 


closed 


calves as 


stomach 
site 


intestine may account 


calves examined on the sixteenth 


Legends for Illustrations on Opposite Page 


Figures 1 to 16 


Fig. 1 to 3—Early, dividing schizonts. 

Fig. 4—Mature schizont with merozoites sectioned 
transversely. 
Fig. 5 to 6—Mature schizonts with merozoites sec 
tioned longitudinally through nuclei. 

Fig. 7—Merozoite in cytoplasm of a cell. 

Fig. 8—Multinucleate, early microgametocyte (A) 
and uninucleate, early macrogametocyte (B). 


Fig. 9 to 11—Developing macrogametes, showing 
peripherally located plastic granules. 
Fig. 12—Mature oocyst with “shell.” 
Fig 13 to 15-—Developing microgametocytes. 
Fig. 16—Mature microgametes arranged periph- 
erally in a microgametocyte 


Unretouched photomicrographs of tissue sections (horizontal) 20-« scale applies to all photomicro 
showing stages in the life cycle of Eimeria zurnii graphs, with the exception of figures 10 to 1: 
from experimentally infected calves. The upper which have their own scales (vertical) 
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and seventeenth days were negative, but 
the calf killed on the nineteenth day re- 
vealed many more parasites than at any 
other time. Schizonts ranged between 7.0 
by 10.5 » and 10.5 by 16.8 yp, with an 
average of 9.6 by 13.2 p 
had residual averaging 2.1 
diameter 
Merozoites 


Some schizonts 


bodies in 
(Fig. 4 to 7 In fresh 
smears in saline, merozoites were first 
found at seven days 1 foot above the ileo 
valve and in the rectum, They av 
eraged 11.2 p» in length by 1.7 pw in 
width. At ten days, they found in 
the small intestine beginning 12 feet from 
the abomasum and extending to within 6 
feet of the valve. The 
number was 9 per x 440 field at midintes- 
tine, 24 feet below the abomasum. They 
ranged in length between 5.4 and 10.8 yp, 
with an variation 
in length may have been an indication of 
more than one generation of merozoites 

At 14 days, merozoites were found in 
the lower 6 feet of the small intestine 
They ranged between 7.0 and 12.0 » in 
size. At 15 days, they were found begin- 
ning at 2 feet from the abomasum to a 
point 12 feet above the ileocecal valve; 
they ranged between 10.0 and 12.0 » in 

At 19 days, merozoites were located be- 
ginning 12 feet the valve 
and extending into the cecum, colon, and 
rectum, with the greatest concentration at 
6 feet above the lower end of the small in- 
Four to five were observed in each 
They ranged 
with an 


were 


ileocecal greatest 


average of 7.5 p. The 


above ileocecal 


testine 
x 440 field on fresh smears 
in size between 8.1 and 12.2 4p, 
average of 10.4 yp. 

Stained merozoites had blue eytoplasm 
with two lightly stained pink refractile 
globules, with a lightly stained nucleus to- 
ward the tapering end. After penetrating 
the cytoplasm of a cell, the merozoites had 
a stocky appearance (fig. 7), as contrasted 
with the merozoites still in the intaet sehi 
zont (fig. 5 and 6) 

The slightly larger average size of the 
mature schizonts late in the cycle and the 
predominantly distal location of the ones 
early in the cycle were the only indicants 
of more than one asexual generation. In 
order to produce the great number of 
gametes and oocysts later in the cycle, and 
considering the small size of the schizonts 
and the relatively small number of mero- 
zoites in each, it is possible that more than 
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one generation is developed, as in Eimeria 
in other hosts. In cattle, £. was 
found to have only one asexual generation 
but the schizonts distinguished by 
being macroscopic; 20 of them were ex 
amined by dilution counting with a hemo 
cytometer, resulting in an estimated aver 
age number of 120,000 merozoites each.” 

Serual Stages.—Macrogametocytes (Fig 
8, B, and 9 to 11 A young macro 
gametocyte was found in the cecum at 12 
days. It measured 7.0 » and had a 14 
p» karyosome. At 14 the macro 
gametocytes were sparse and were located 
in the small intestine 18 feet above the 
ileocecal valve. Each was spherical, meas 
uring between and had 
eccentrically karyosomes. At 15 
days, macrogametocytes ranged between 
8.4 by 10.5 » and 14.0 by 14.7 yw, with 
an average of 11.2 by 13.4 ». Most were 
in the middle and lower colon, but two 
were found in the small intestine within 
3 feet of the abomasum. 


bovis 


were 


days, 


$2 and 5.6 yn, 
located 


At 19 days, macrogametocytes were more 
numerous than before, but were only in 
the lower colon and rectum. It was com 
mon to find cross sections of glands with a 
macrogamete in every epithelial cell (fig 
11), and some found in surface 
epithelial cells. They ranged in size be 
tween 7.0 by 9.4 » and 12.6 by 14.0 ug, 
with an average size of 10.6 by 13.5 yu. 

The macrogametocytes had a distinctive 
central nucleus and an irregular karyo 
some (fig. 9 and 10). The peripherally ar 
ranged plastic granules (fig. 10), some 
times in a double row, resembled those of 
E. bovis,’ another coccidium in eattle 

Microgametocytes (Fig. 8, A, 


were 


and 13 to 
16).—-Microgametocytes were found at 15 
and 19 days. They were distinguishable 
from macrogametocytes by the absence of a 
centrally located nucleus and by having 
numerous basophilic bodies (fig. 13 and 
15) and, as maturation occurred, a single 
layer of peripherally located, densely 
stained, comma-shaped microgametes (fig 
16 

At 15 days, the microgametocytes were 
9.0 by 12.3 » to 10.0 by 13.0 uw in size 
At 19 days, they ranged between 7.0 by 
8.4 » and 15.0 by 20.0 », with an aver 
age size of 9.7 by 13.8 ». The elongated 
shape of some appeared to be due to the 
pressure of adjacent cells. Most of the 
microgametocytes were located in the lower 


colon and rectum, but 


some were also 
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found in the midcolon. They usually oe 
curred in greater numbers near the lumen 
of the digestive tract, mostly intermingled 
among fewer 
numbers, 

Oocy sts 


macrogametocytes but in 


Fig. 12 Immature 
found with incompletely developed 
**shells’’ in fresh smears of the cecum at 
12, 13, and 14 days. At 14 days, ten im 
mature were also found in fresh 
about 2 feet above the ileocecal 
Qocysts were found in the ceeum 


sts 


were 


OOCY Sts 
valve 
and colon at 19 days; some were still im 
mature, while others had distinct *‘shells’’ 
and appeared ready to be discharged 
When present in the oocysts with definite 
shells, the 
compact than in the younger oocysts. Some 
oocysts that looked more mature than oth 
ers had no nucleus, and the protoplasm 
was diffused and homogeneous in appear 
ance (fig. 12) Oocysts with shells ranged 
between 12.2 and 25.7 4p 
17.6 ») by 12.2 to 12.6 » wide (average, 
14.3 2), being very near the size that 
Christensen ' reported for expelled oocysts 
of FE. zurnu in other Alabama cattle 

The above deseriptions of the endoge 
nous stages are similar to the ones found at 
necropsy by Smith and Graybill.'"* Even 
though they knew that they were seeing 
more than one species, as based on size and 
morphology, they believed that the en 
dogenous stages which they found in the 
clinical cases were due to the small, ellip 
tical species (probably FE. zurnu 
of the greater prevalence of these oocysts 


nucleus was smaller and more 


long (average, 


m because 


in sections of the tissues as compared with 
the large species, which was rarely found 
Of the numerous reports of necropsies of 
animals with clinical one by 
Smith and Graybill '* is probably the most 
complete from the standpoint of histo 
pathology. The present authors have seen 
similar damage in 10 naturally acquired 
fatal cases involving EF. zurni in eattle 
The sloughing of the epithelium and de 
struction of areas of tubules followed by 
are somewhat different from the 
damage by E In cases involving EF 
hovis, the endothelial cells of the endothe 
lial lining of the lacteals are also invaded, 
causing the eventual distention and 
sible rupturing of the tips of the villi by 


cases, the 


hecTosis 


bovis 
pos 
the growing, macroscopic schizonts.” It is 


also different from the damage produced 
‘in which 


by Eimeria alabamensis in cattle, 
the site of the 


infection was found to be 
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the nucleus of the host cell, with an even 
tual destruction of the nucleus by one or 
more sexual or asexual Even 
though EF was shown to be 
fairly nonpathogenic under field 
tions or when small numbers of 
were inoculated, it produced signs of dis 
death when 


stages 
alabamensis 
condi 
Sts 
ease and even large numbers 
were wivel 

SUMMARY 


1) Sporulated oocysts of Himera zur 
nit (Rivolta, 1878), Martin, 1909, one of 
the most pathogenic of the eoecidia of eat 
tle, were administered to 14 young calves 
that were killed at various periods between 
two and 20 days after infection to study 
the endogenous stages 
2) In fresh 
schizonts were first seen at two days and 
were still observed as late as 19 days after 
infection. They were found in the upper, 
middle, and lower portions of the 
intestine and in the cecum and colon. Ma 
ture schizonts had between 24 and 36 mero 
zoites and averaged 9.6 by 13.2 yp in size 
3) Merozoites, first found at seven days, 
were between 5.4 and 12.2 p» in size. They 
were located in the small intestine, cecum 
colon, and rectum 

1) Macrogametocytes, averaging 10.6 by 
13.5 p», were identified at 12, 14, 15, 
19 days, mostly in the lower small intes 
tine, and reetum, with the 
exception of two found in the upper small 
intestine 


smears and tissue sections, 


small 


ceecum, colon, 


5) Microgametocytes were found only 
at 15 and 19 days. and averaged 9.7 by 
13.8 » at 19 days. The microgametes were 
small, densely stained, comma-shaped bod 
ies, arranged peripherally in mature mi 
crogametocytes. Microgametocytes 
fewer in number than 

6) Immature oocysts were first apparent 
at 12 days. They were found in the cecum 
and colon, with fewer 
the lower small 


were 


macrogametocytes 


numbers located in 
intestine 
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Isolation of Vibrio Fetus from Bulls 


W. N. PLASTRIDGE, Ph.D.; E. C. WALKER, B.S.; L. F. WILLIAMS, M.S.; 
E. F, STULA, D.V.M.; E. M. KIGGINS, M.S. 


Storrs, Connecticut 


ly is generally recognized that the bull is 
a primary factor in the transmission of 
Vibrio fetus infection in cattle and that 
serological methods are of little value for 
bulls which carry V. fetus 
Diagnostic techniques that involve the use 
of guinea pigs, or exposure of heifers by 
natural artificial insemination 
(Al), are not practical for routine 
Cultural methods appear to offer the best 
means of detecting V. fetus in bulls. How 
ever, the presence of saprophytic bacteria 
in aseptically drawn semen and in pre 
putial washings makes isolation of V. fetus 
by primary culturing in fluid mediums 
difficult and often impossible. Solid me 
diums fail to support the growth of some 
strains of V. fetus under the usual method 
of incubation in an atmosphere of 10° per 
cent carbon dioxide and 90 per cent air 

The results obtained by 
proved cultural 
here. 


detecting 


sery ice or 


lise 


use of an im 
procedure are presented 


MATERIALS AND 


Portions of 0.5 ml. of 544 samples obtained in 


the routine collection of semen from 149 bulls in 


four New England at centers were submitted for 


examination The interval between retests was 


one to two months. The samples were packed in 
an insulated container with a can of frozen water 


and were either delivered to the laboratory on the 


day collected or were shipped and received on the 
following day, with the exception of 


a few which 


were received 48 hours, or longer, after collection 
samples that 


found to be 


Semen were frozen for transporta 


tion were unsatisfactory Preputial 


washings were obtained from 19 bulls by infusing 
about 50.0 ml. of tryptose broth into the preputial 
sac, massaging the and 
fluid 


during 


prepuce, aspirating as 


much of the as possible, The washings were 


refrigerated transportation and cultured 


From the Department of Animal Diseases, Storrs Agri 


cultural Experiment Station, University of Connecticut 
Storrs 

ional re 
Research and Marketing Act of 1946 under 


Artificial 


Supported in part by funds provided for reg 


search by the 


project NE-1, by the New England Breeding 
Lederle Laboratories Division 
Pear! River, N.Y 

indebted to Messrs W. K 


Heller 


Council, and b American 
Cyanamid Co 

The writers are Amidon 
Browne, F. A. Buschner, and P 


bovine semen samples 


three hours after colleetion 

A 4.0-mm 
thiol medium (Difeo 
fresh blood 


blood in 


ihout 


loopful of semen plus a loopful of 
were streaked over the sur 
agar plate 0°, defibri 
nutrient agar prepared 
infusion, Difeo, 0.5% Natl 
O.2 Three loopfuls of 
with 1.0 ml. of thiol 
this 
plate. Pre 


similar 


face of a 
nated ox with 
meat and 


adjusted to pH 7.04 


desiccated 


semen mixed medium 
1:30 


were streaked on a second blood agat 


were 


dilution) and 2 loopfuls of dilution 


cultured in a 
after 


putial samples 
both 


for 


were manner 


before and centrifugation at 1000g 
minutes, 

At the start, the plates were incubated at 47 ¢ 
for three days in bell 
of the air 


the finding of 


cent 
After 
that the 


growth of J 


jars in which 10 per 


was replaced bry carbon dioxide 


Kiggins and VPlastridge 


optimum gaseous environment for 


fetua consisted of 5 per cent oxygen, 10 per cent 


carbon dioxide, and &O per cent nitrogen, the 


jars were evacuated to 25 per cent of atmospheric 
carbon dioxide 
then added 
atmosphere is easily 
tube 


pressure; 10 per cent and 65 per 


obtained 


cent nitrogen were optimum 


gaseous with the 


aid of a manifold with suitable connections 


to the jar, commercial tanks of gas, vacuum pump 
ind manometer, 
Following incubation, the plates were examined 


with a x12 binocular dissecting microscope using 


an oblique light souree. Small, translucent, light 


colonies (0.3 to 1.0 mm, in diameter 
thiol 
preparation Up to 15 


tured from the 


gray 
transferred to 


wer 
ifter 


medium (2 to 5 days 


colonies were subcul 


plates, depending upon the number 
ivailable 
The subcultures 


were incubated five days in a 


jar in which 10 per cent of the air 


dioxide All 


growth characteristic for 


was replaced 
that 


(growth 


showed 
band 


examined 


cultures 
fetus 


medium 


with earbon 


in the upper 5.0 mm, of were 


under a phase-contrast microscope, If motile and 


comma or spiral-shaped rods were present 


made and the 
tested for 


transplant for further study was 


remainder of the eulture was catalan 


content, This was done by mixing 5.0 ml, of the 


culture 


with 5.0 ml. of a 3 per cent of 
Smith 
The appearance of more than 5.0 mm. of oxygen in 


the tube, after 30 


solution 


hydrogen peroxide in a fermentation tubx 


minutes at room temperature 


was interpreted as positive and the 


classed as | fetus 
Ayglutination antigens were 


of the 


rom 110 
catalase positive and the catalase 


negative Vibrio cultures. The antigens were tested 


rainst antiserums for two serological types of 
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TABLE i—lIncidence of Carrier Bulls 


No. of bulls Per 


centage 


Negative positive 


Potal 


V. fetus. The antigens were prepared from cells 
thiol agar slants The 
streaking the surfaes 


grown on slants were 


inoculated by with several 


loopfuls of the thiol culture and were incubated 


environ 


for three days in the optimum gaseous 


fetus. The cells were then suspended 


(pH 7.0) that econ 


ment for | 
in Sorensen’s buffer solution 
tained 0.3 per cent formalin, The suspension was 
adjusted to a density of 1.5 on the MeFarland 
nephelometer seals 

Blood 
for | 
collected 


or after the 


samples from 52 bulls were examined 


blood samples were 


before 


fetus agglutinins, The 
within a period of two months 


time the cultural tests were made 


RESULTS 


Influence of Gaseous Environment on 
the Isolation of Fetus.—Duplicate 
sets of blood agar plates were inoculated 
41 bulls that were found 


to be carriers on this or subsequent tests 


Vibrio 
with semen from 


One set was incubated in jars in which 10 
per cent of the air was replaced with car 
bon dioxide. The second set was incubated 
in jars in which the optimum gaseous at 
Col 


fetus were 


mosphere for V. fetus was provided 
onies that resembled V 
from both sets of plates and identified 
Vibrio fetus was isolated from 22 (54% 
of the 41 samples when the optimum gase 
environment was used, as compared 
with only & (20% ) 
consisted of 10 per 
and 90 per cent air 


OuUs 
when the atmospher 
cent carbon dioxide 


Bulls The per 
centage of carrier bulls in four at centers 


Tneidence of Carrie 
is shown (table 1) 

Tests to First Positive 
number of tests on semen 


Find 
that 


Number of 


The 


TABLE 2—Tests Required to Detect Vibrio Fetus 


Percentage positive on test 


WILLIAMS 
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were required to detect V. fetus in 61 bulls 


is given (table 2 
The 


positive on the first test was 39 per 


found 
cent; 
three 


percentage 


percentage of carrier bulls 


cent; and on 


The low 


on two tests, 67 per 


tests, 9 per cent 
found on the first and second tests on the 
bulls in al center 1 appears to be due to 
holding some lots of samples for periods 
longer than 48 before examination 

The results indicate that, for practical 
Purposes, three tests are necessary before 
concluding that a bull is free from V. fetus 

Repeated Tests on Carrier Bulls Vibrio 
) of 263 
semen samples from 57 bulls. From two to 
13 tests were made on individual bulls 
The first six tests, on bulls that were tested 
more than six 
piling the results 

While V 
cent of the samples, the ratio of positive to 
total samples varied for individual bulls 
For example, 2 bulls were positive on one 


hours 


fetus was isolated from 143 


times, were used in 
(table 3 


fetus was isolated from 54 per 


com 


of six tests and 2 bulls were positive on six 
of six tests 

Isolation of Vibrio Fetus fram Semen 
A total of 544 from 9 


semen samples 


14 
bulls in four al centers were examined; 145 


(27% ) ielded V. fetus, 17 (3% ielded 
catalase-negative vibrios, 321 (59%) were 
negative for and 61 (11%) eon 


tained bacteria which overgrew the plates 


vibrios, 


and prevented a satisfactory test for V 
fetus 

The streaked on. the 
blood agar plates Was selected after pre 
different amounts 
ml. of 


amount of semen 


liminary trials with 


Plate 1 was streaked with 


TABLE 3—Repeated Tests* on Carrier Bulls 


No. of 
bulls 


of testa 
each bul ital tests 


Includes 


more than 


im. J eT. Res 
576 
i 1% 2 7 
Tota 140 61 
= 
i ‘ 
l 
1 1/4 
No of 6 
1 f f 
t tested 
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TABLE 4—Isolation of Vibrio Fetus 


V. fetus isolated 


positive 


larger amounts were used, 
the plates were usually overgrown with 
colonies of saprophytic bacteria. At times, 
plate 1 was overgrown when the inoculum 
was 0.01 ml. For this reason, a 1:30 dilu 
tion of semen was prepared and 0.02 ml 
streaked on the surface of plate 2. The 
rate of isolation of V. fetus from the two 
plates is shown (table 4 


semen. When 


Use of plate 2 resulted in isolation of 
V. fetus from 27 per cent of the infected 
samples that failed to yield V. fetus 
colonies on plate 1 owing to heavy growth 
of saprophytic bacteria 

The number of colonies per sample that 
fetus averaged eight and 
The proportion of 
identified as V. 
ranged 


resembled V 
varied from one to 15 
such that were 
fetus averaged one of three, and 
from one of 13 to eight of eight. Diph 
theroids and a motile unidentified gram 
negative rod were the principle bacteria 
responsible for that resembled 
V. fetus. These were usually 
present in fairly large numbers in semen 
from negative as well as V. fetus-positive 
bulls. 

The estimated number of V 
ganisms present in semen from which the 
was isolated averaged 800, and 
ranged from 100 to 9,000 per milliliter 
Negative obtained on bulls) which 
were positive on one or more tests indicate 
that the number of V. fetus organisms 
present in the semen of carrier bulls is 
frequently less than 100 per milliliter 

Isolation of Vibrio Fetus from Pre 
putial Washings.—A total of 18 samples 
were obtained from 12 bulls that vielded 
within a two 
before or after, the collection of 

samples. Of the 18 samples, 
yielded V. fetus. Of the 
seven positive samples, V. fetus 


colonies 


colonies 


organisms 


fetus or 
organism 


tests 


positive semen period of 
months, 

preputial 
seven (39% 
was ob 
tained from four before and from six after 
None of nine preputial 
seven bulls with negative 
fetus 


Vibrio-like 


centrifugation 
samples from 
semen V. 

The 


colonies 


proportion of 
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washings that 
was one of 17 


obtained from preputial 
were identified as V. fetus 
for the uncentrifuged samples and one of 
six for the centrifuged portions 

Culturing of preputial washings gave a 
lower percentage of positive findings than 
culturing of semen 

Low centrifugation of the pre 
putial samples increased the 
isolating V. fetus by reducing the number 
of saprophytic bacteria. However, cen 
trifugation of semen was not advantageous 
presumably because the viscosity and spe 
cific gravity of semen is higher than that 
of the tryptose broth used in the collection 
of preputial washings. 

Identification of Vibrio Fetus 
jority of diphtheroids that 
brio-like colonies failed to 
transferred to thiol medium 
few diphtheroids and an unidentified gram 
negative rod produced growth in thiol 
medium that that of V. fetus 
Such cultures in thiol were cata 
lase positive. Consequently, 
examination of V. fetus-like 
thiol medium is necessary 

Differentiation of V. fetus other 
vibrios found in the samples examined was 
readily accomplished by use of the catalase 
test, as reported by Bryner and Frank 
The 16 catalase-negative vibrios produced 
less than 5 mm, of oxygen. In addition, the 
majority produced two growth 
thiol medium—one a layer of growth 1 to 
2 mm, beneath the surface (like V. fetus 
and the other a weak diffuse zone of uni 
form turbidity extending about 2 cm 
downward from the layer of dense growth 
Of the 
per cent produced 10 mm. of oxygen ; 
cent, 20 mm.; 78 per cent, 35 to 50 mm 
and 13 per cent, over 50 mm. Tests for 
catalase production should be made on 
cultures that show growth, Oveca 
sionally, recently isolated cultures require 


speed 


chances of 


The ma 
produced Vi 
grow when 


Hlowever i“ 


resembled 
medium 


growth in 


from 


Zones in 


145 catalase-positive cultures, 3 
6 per 


good 


several transfers before good growth is 
obtained 

Agglutination made on 110 
catalase-positive cultures of V. fetus 
11 catalase-negative cultures of vibrios. Ot 
the 110 cultures regarded as V. fetus, 51 
(46% were agglutinated by antiserum 
against the predominant type of V 
(type 1), four (4% ) by type 2 antiserum 
(1% 


and 54 


tests were 


Ana 


felu 


was spontaneously agglutinable 
190 
Whether the inagglutinable cultures repre 


were  inagglutinable 


O77 
Plat 
P 4 
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sent other antigenie types or were in 
agglutinable strains belonging to types 1 
or 2 remains to be determined. None of 
1] catalase-negative cultures were aggluti 
nated by the two types of V 
serums 

Blood Tests on 
Bulls.-Two, only, of 21 culturally 
tive bulls reacted positively (titers of 1: 50 
and 1: 100), respectively. One of 31 cul 
turally negative bulls gave a titer of 1:50 
With the antigen used, a titer of 1 
higher was interpreted as positive 


fetus anti 


Serum-Agglutination 


posi 


DISCUSSION 


The high incidence of V 
bulls in at centers, as reported here and by 
Hughes? and failure of the blood serum 
agglutination test to detect a significant 
proportion of such bulls shows the 
for testing semen and preputial washings 
by cultural methods. While the use of 
blood agar plates as described herein has 


feltus-carrie! 


need 


limitations, it has advantages over cultur 
ing in a fluid medium 
that it fails to detect 


felus organisms 


Its limitations are 
fewer than 100 V 
per milliliter of 
fetus colonies are visibly 

yuishable from certain sapro 
phytic bacteria, particularly those of diph 
theroids Use of a 
that (0.01 
detecting small 


semen, 
and J indistin 
colonies of 
larger inoculum than 
ml.) for the purpose of 
numbers of V. fetus 
found to be impractical because of heavy 
growth of saprophytic bacteria 

In attempting to evaluate therapeutic 
measures, a series of tests should be 


used 


was 


made 
before treatment, as well as after, in order 


to establish the frequency of isolation of 
V. fetus from the bulls scheduled for treat 
ment In the 
rate of 


present investigation, the 
isolation of V. fetus varied 
one of six tests to six of six tests 


from 
In addi 
tion, before treatment of carrier bulls in ai 
centers is attempted, a sanitary 
to prevent the transfer of V 
tive and treated bulls is The 
high incidence of bulls that carry V. fetus 
leaves little doubt that present methods of 
collecting semen result in the transmission 
of V 

The absence of agglutinins in the blood 
most bulls that yielded semen 
containing V. fetus supports the opinion 
that V. fetus has little, if any, pathogenicity 
for the bull, and that V 
marily as a saprophyte in the genitouri 
tract of carrier bulls 


program 
fetus to nega 


necessary 


fetus 


serum of 


fetus exists pri 


nary 
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SUMMARY 


A procedure for detecting bulls which 
carry Vibrio fetus by culturing semen and 
preputial blood 
bating the plates in the optimum gaseous 
environment 
isolating and identifying the organism is 


washings on agar, incu 


for growth of V. fetus, and 
deseribed, 

The results obtained on 149 bulls in fou 
artificial 
that: 

] The 
1] per cent 

2) The percentage of carrier bulls found 
positive by one, two three 
67, 


insemination (Al) centers showed 


incidence of carrier bulls was 


and tests was 


and 95 per cent, respectively 
4) In repeated tests on 57 carrier bulls 
4 per cent of 263 semen samples vielded 
V fetus. 

1) Of a total of 544 semen samples from 
149 bulls, 27 


per cent 


per cent vielded | fetus, 3 
vibrios, 59 per 
fetus, and 11 per 


cent contained saprophytic bacteria, either 


catalase-negative 
cent were negative for V 


‘spreading’ 
numbers, that prevented a satisfactory test 

+) The number of 
sample that resembled 
varied 
such 


colony producers or excessive 


colonies per semen 
those of V fetus 
The proportion of 
identified as V 
three, and 
from one of 13 to eight of eight 

6) Seven of 18 preputial samples from 
12 carrier bulls Centrifu 
gation of preputial 1,000 ¢ 
for 20 minutes and culturing of the super 
fluid 
fetus 

7) Serological tests made on antigens of 
110 cultures of V. fetus that 5] 
type 1 tvpe 
cattle 


spontaneously 


from one to 15 
that 
lelus averaged one of 


colonies were 


ranged 


were positive 


washings at 
the chances of iso 


natant increased 


lating V 


showed 


belonged to most common 


found in four to type one 


and o4 


antiserums 


Was 
agglutinable were 


inagglutinable by the used 


None of the antigens of 11 catalase-negative 
vibrios were agglutinated by the V. fetus 


antiserums 
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Observations on Experimental Bovine Vibrio Fetus Infection 


HANS BLOBEL, Dr. med. vet.; J. SIMON, D.V.M., Ph.D.; S. H. McNUTT, D.V.M. 


Vadison, Wisconsin 


[IN THIS sTUuDY, Vibrio fetus infection was 


experimentally induced in cattle to further 
characterize the disease and to obtain a 
more comprehensive evaluation of diagnos 
tic procedures. The literature on bovine 
genital vibriosis was recently reviewed by 
Boyd! and by Steger 
\IATERIAI \ieTHODS 


Erperiment fnimals Twenty-two heifers, 14 


to 18 months of age, of an isolated, brucellosis 


free herd, mostly Holstein-Friesians, were employed 
were selected at random 


in this studs Animals 


these exposed 


heifers, group A, were 


vaginalls ith J fetus 


Another 7 


suspensions of of 


Seven of 
cultures in May, 
heifers, group B, were inoculated with 
diluted semen and 10.0 
of V. fetus cultures intrauterinely via eatheter 
heat One 


suspension of mixed strains of | 


pregnant heifer was fed 
40.0 | 
clus on two consecutive days. The remaining 7 
group, 
with LO e of 


were artificially in 
diluted 
bulls presumed to be free of vibriosis 
Vibrio Fetus Cultures 
strains of fetus were 
from bull 
to 
Albimi * 
subcultured every two to three 


inimals, control 


seminated semen from 
Five eatalase 
They 


fetuses in 


positive 
employed were 
olated semen and aborted 
1953 The strains were 
Fach 
weeks 
agglutination test was pre 


Ristie ef al 


Wisconsin fron 


maintained in semisolid medium 
strain Was 

The antigen for the 
deseribed by 


pared essentially as 


th the modification of the microaerophilie con 


litions Helium or nitrogen were used i dilu 
ent rather than earbon dioxide 
The final test 


transmissibility of 50) per 


was adjusted to a light 
eent im i Coleman 
Nepho-colorimeter 

Testing 
vere taken weekly 


collected and prepared for testing, as deserihbed in 


with a 655-me filter 


Vaginal mucus samples 


rocodures 


from all heifers They were 
Blood was drawn from the ani 


heifer 


detail by 


ils of 


H ighes 
grouy B 
fetus organisms, and from the 


biweekly intervals A twofold serial dilu 


from the exposed orally 


control ani 


approval of the 
xperiment Statior 
the Re 
mm funds pro 
Foundation 
on of s th 
partial fu 


tr 


blood serum 
homologous and four het 
The diluent used for 
the mucus was 0.3 per cent formalized physiologi 
and all 
automatic Cornwall pipetts As a control, 0.5 ee 


tion of the vaginal mucus and the 


was tested against the 


erologous V. fetus antigens 


eal saline dilutions were made with an 


of 0.3 per cent formalized physiological saline was 


mixed with 0.5 ec, of the respective antigens. The 


tubes were then incubated at 37C. and the tests 


read 48 hours later. The readings were reeorded 


is the reciprocals of the highest dilution showing 


complete agglutination. This was evidenced by 


iggiuti 
tilted 


complete clearing and visible clumps of 
nated cells when the tube 

Isolation of Vibrio Fetus The 
used for the isolation of | 
infected animals was Difeo blood agar base t me 
Petri Additional 
Albimi semisolid agar* or Difeo 
Huddleson,’ 
kept in 


stoppered 


was gently 
medium most 


frequently fetus from 


cultures were 


dium in plates 


made on semi 
solid thiol medium!’ as suggested by 
semisolid mediums were 


T he 
rolled cotton plugs 


The sterilized 


glass tubes tubes were 


with tightly 


pyrex 
Kach sample to 
be cultured was inoculated into at least x, and 
respective 


frequently into eight or ten, of the 


plates or tubes of mediums 


RESULTS 


Studies Prior to the ex 


exposure, the 


Laboratory 
perimental Vaginal mucus 
of none of 22 heifers contained agglutinins 
to the five V 
this study. The 7 animals of group A wer 
exposed vaginally to V May 
1955. Three animals of this group, namely, 
ION, 13N, and 14N, were pregnant at the 
time of exposure 

Kive heifers (71.4% 


oped agglutinins to V 


fetus strains employed in 


felus ith 


of group A devel 
fetus in the vaginal 
mucus four to ten weeks after the experi 
infection. These were the heifer 
ISN, 7h, 14N (graph | 

could he 


mental 
ON, 
The agglutinins 
with the homologous and four heterologou 
The 
titers reached 
ten to 12 weeks 
ceded gradually 

and 
could not be reisolated 


Most 


and 
demonstrated 
vaginal mucus agglutinin 
their 

after 
thereafter 

normally 


antigens 
peaks approximately 
and re 

ION 


felu 


exposure 
Animals 
ania | 


calved 


interesting results were obtained 


From lepart nt of eterinar 
Mad 
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oF 


Peocacs 


MONTHS AFTER 


from heifer 14N. Her vaginal mucus con 
tained agglutinins for V. fetus in a titer 
of 1:2,560 for three weeks starting ap 
proximately ten weeks after the exper! 
mental infection. The vaginal mucus of 
this animal agglutinated homolegous and 
heterologous V. fetus cells in dilutions to 
1:1,280 at all subsequent testing periods 
She calved normally on Noy, 21, 1955, and 
had a live calf. On Dee. 5, 1955, two weeks 
after calving, cow 14N continued to show 
agglutinins in the vaginal mucus which 
reached a maximum titer of 1:1,280 ap 
proximately five weeks after parturition 
Then, the titer gradually receded. In No 
vember, 1956, 18 months after the experi 
mental infection, her vaginal mucus still 
agglutinated homologous and heterologous 
V. fetus cells in dilutions up to 1:160. The 
blood serum agglutinin titers of this ani 
mal with the homologous antigen remained 
constant at 1:20, before and after calving 
Several attempts to demonstrate V. fetus 


agglutinins in the whey were unsuccessful 


Vibrio fetus organisms could be recovered 
from the dirty yellowish, odorless uterine 
discharge until the ninth day after calving 
and not again until approximately five 
months after parturition, April 30, 1956, 
when 14N heat. In previous 
and subsequent estrous periods which oc 


Cow Was It 


2? 5 4 
MONTHS AFTER POSURE 
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Graph 1—Agglutination 
of homologous Vibrio fe- 
tus antigens by vaginal 
mucus from heifers 6N, 
10N, 13N, 7S, and 14N. 


curred at prolonged and irregular cycles, 
V. fetus could not be reisolated 

The conjunctival administration (0.5 
and intradermal injection (0.1 ee 
of the homologous concentrated V. fetus 
antigens did not elicit any conclusive 
sensitivity reactions in the experimentally 
infected animals 

In the case of the pregnant heifer which 
was fed V, fetus cultures, an agglutinin 
response could not be detected in the Vag 
nal mucus or blood 
following exposure 
normally and V 
not be recovered 

The 7 heifers of group B were 
lated intrauterinely with diluted 
and V. fetus cultures at estrus 
periment started in September, 1955. Five 
(71.4% of group B contained 
agglutinins in the vaginal mucus four to 
nine weeks after the experimental infec 
tion with V. These were the heifers 
91,95, 97 (graph 2), and 92 and 94 (graph 
3). The titers ranged from 1:40 to 1.640 
and persisted for approximately six to ten 
The titers obtained with the reé 
and the four heter 
fetus antigens were essentially 


Ce. 


months 
ealy ed 
eould 


serum for six 
The animal 

fetus organisms 

semen 

The ex 


animals 


fetus 


months 
spective homologous 
ologous V 
similar. None of these animals aborted 


There was a considerable variation in 


Graph 2—Agglutination 
of homologous Vibrio fe 
by vaginal 
from heifers 91, 
95, and 97. 
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Graph 3—Agglutination 

of homologous Vibrio fe- 

tus antigens by vaginal 

mucus from heifers 92 
and 94. 


RECIPROCALS OF TITERS 


EXPERIMENTAL Bovine Visrio Ferus INFECTION 


5 
MONTHS 


the blood serum agglutinin titers of the 
individual heifers, depending on the strain 
of V. fetus employed as antigen. With 
one antigen, the maximum blood serum 
titer was 1:640, with another 1:20 in the 
same animal. Only 2 animals of group B 
28.6%) showed a rise in these blood 
serum titers against the homologous and 
only slightly against the heterologous V. 
fetus antigens. In 1 heifer, the blood se 
rum titers rose from 1:20 to 1:80 and in 
the other from 1:80 to 1:1,280. The rise 


in titer began in 12 days and reached its 
maximum six weeks after the experimental 
infection. The vaginal mucus of both heif- 
ers aggiutinated V. fetus cells. Their vagi 
nal mucus titers persisted over a longer 
period of time than the increased agglu- 


tinin level in the blood serum 

In the vaginal mucus of the control ani 
mals, agglutinins to the V. fetus strains 
used for this study could not be detected 
for approximately six months. However, 
agglutinins to V. fetus were demonstrable 
in the blood serums of all control animals. 
The titers varied from 1:20 to 1:640, de 
pending on the strains of V. fetus 
ployed as antigens. They were essentially 
the same as the corresponding values ob 
tained from the animals of group B, with 
the exception of the 2 heifers whose blood 
serum titers rose during the course of the 


em- 


experimental infection 
Records.—Two heifers of group 
B after the first and 
carried normal calves to term. The vagi 
nal mucus and the blood serum agglutina 
tion tests of both animals proved negative 
throughout 

In group B, heifer after 
two, heifers 91 and 97 after three, heifer 
95 after four, and heifer 94 after six in- 
seminations. All these animals exhibited 
irregular and prolonged estrous cycles, 
ranging from 25 to 43 days, and devel- 
oped agglutinins in the vaginal mucus 
Thus, the 5 animals of group B with 
demonstrable vaginal mucus agglutinins 


Nervice 


conceived service 


92 conceived 


4 
AFTER € KPOSURE 


three and six 
pregnancy. In 
no detectable 


required an of 
tenths inseminations per 
the 7 control animals with 
vaginal mucus agglutinins, an average of 
approximately one and four-tenths insemi 
nations per pregnancy were needed 


average 


DisCUSSION 


It is recognized that the preceding find 
ings are limited and could be influenced 
by the V. fetus strains employed. Their 
virulence and other properties could have 
been altered, since these strains were main 
tained for over two years on laboratory 
mediums prior to use in this study. This 
should be borne in mind when evaluating 
the results of these experiments. Changes 
in virulence, particularly in invasiveness, 
may also explain, if we neglect natural 
resistance, that only 71.4 per cent of the 
heifers exposed to a relatively large dose 
of live cells exhibited evidence of infec 
tion and did not abort. However, thes 
data gathered in this study of experi 
mental bovine V. fetus infection may be 
helpful, particularly in evaluating current 
diagnostic procedures 

The most reliable method for diagnosing 
the disease has been the isolation and iden 
tification of the organisms from the repro 
ductive organs or from aborted fetuses and 
their membranes. However, of 
V. fetus often fail, as the organism is rela 
tively fastidious and is readily overgrown 
by other microbes, especially by species ol 
Proteus, In 
addition to this, suitable specimens for the 
always 


isolations 


the genera Pseudomonas and 


bacteriological procedure are not 
obtainable. Therefore, an attempt has been 
to correlate bacteriological results 
characteristic clinical findings 


antibodies 


made 
and 
demonstrable 
The 
has been widely used as an aid in the diag 
for the few 
years. Terpstra and Eisma‘ and Sjollema * 
indicated the practical diagnostic value of 
the vaginal mucus agglutination test when 


with 
felu 
test 


against | 


vaginal mucus agglutination 


nosis of bovine vibriosis past 


— 58] 
| 
40 


BLOBEL 


and 
investi 


employed on a herd basis. Lawson 
MacKinnon concluded from field 
gations and experimentally induced bovine 
vibriosis that the V. fetus mucus aggluti 

valuable aid to diagnosis, 
provided samples for testing are not col 
lected at or around The copious 
flow of mucus at tends to dilute 
agglutinins and this produces erratic re 
McKEntee ef Hughes,” Boyd,’ 
Kasterbrooks ef al..'' Plastridge et al.,'” 
and others recognized also the diagnostic 
significance of detectable V 


nation test is a 


estrus 
estrus 


stilts 


fetus agglu 
tintns in the vaginal mucus when properly 
evaluated. Most 
el al.’ and Steger *® stated that the vaginal 
mucus agglutination test 
valuable 


recently Vandeplassche 
proved to be a 
diagnostic aid 

In this study of experimental V. fetus 
infection in cattle, significant vaginal mu 
cus agglutinin titers could be distinctly 
correlated with the ‘‘repeat-breeding syn 
drome’’ and, in animal 14N, 
with the repeated recovery of V. fetus or 


the case of 


This indicates the practical di 
agnostic significance of the vaginal mucus 
agglutination test 

Smith ef 
rum agglutination test as a diagnostic aid 
They found that the 
blood serum of 3 cows which aborted from 


vibriosis agglutinated V 


anisms 


suggested the blood se 


in bov ine vibriosis. 


felus organisms 
reported similar findings for 2 
Following 


agglutination test 


Barger 
cases of vibrionic abortions 
this, the blood 
had been studied by 
but its efficacy for the 
bovine 


serum 
Various investigators 
for many years, 
diagnosis of vibriosis is still con 
troversial 

In this experiment, blood serum agglu 
tintin titers of the individual heifers varied 
considerably with the 
employed as antigen. The 
were essentially the 


strain of V. fetus 
titers obtained 
same in the control 
animals and in the animals exposed to J 
fetus cultures with the exception of 2 ani 
mals of group B. Both animals exhibited 
these blood 
titers against the homologous and only par 
tially against the heterologous V 
tigens This is essentially in concordance 
with the observations made by 
He reported that ‘‘the maximum 
serum titer in a cow was 1:40 
antigen employed, 1:640 with an 
other.’’ Simon'® found that ‘‘the blood 
serum titers obtained with any one anti 
gen varied from cow to cow In the case 


temporary rise in serum 


fetus an 


Simon." 
blow vl 
when one 


was 


SIMON 
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of animal 14N, the blood serum agglutinin 
titers, even with the homologous antigen, 
remained constant at 1:20 before and after 
calving. Vibrio fetus could be repeatedly 


reisolated from this animal. She also re- 


acted positively to the vaginal mucus test. 


In view of all these findings, the praec- 
tical value of the blood serum aggluti 
nation test in diagnosing bovine vibriosis 
appears to be doubtful. It will be 
cially difficult to determine the *‘infee- 
tious’’ titers of blood field 
investigations 


espe 
serums if 


Generally, the results obtained in this 
study indicate that vibriosis appears to be 
essentially a localized genital infection in 
cattle. This is in with the 
findings of Terpstra and Kisma,’ Stegenga 
and Terpstra, '? Lawson and MacKinnon,” 
and others. All these authors found evi 
dence primarily of vibriosis in the repro 
ductive organs of cattle. This would ex 
plain why out of 6 infected animals with 
positive vaginal mucus titers, only 2 man- 
temporary blood 
titers with the respective homologous an 


concordance 


ifested a rise in serum 
tigens during the course of the infeetion 
This, also, would account for the absence 
of agglutinins against V. fetus in the milk 
of the known infected cow 14N. This ani 
mal had a vaginal mucus agglutinin titer 
of 1:1,280 and V 
isolated from the uterine discharge at the 
time the milk samples taken. The 
that there is usually only a 
Immunological would ex 


fetus organisms could be 


were 
assumption 
local 
plain, too, the failure to detect a sensitiv 
ity reaction upon conjunctival administra 
and of 


homologous antigen 


respons 


tion intradermal injection of the 


SUS Pension 


SUMMARY 

The 

in this study of experimental Vibrio fetus 
cattle 


following observations were made 


infection in 


Vibriosis could be prod wed by 


nal as well as uterine exposure in 10 
71.4%) of 14 heifers. The oral 
lation of V. fetus cultures in 1 pregnant 
heifer did not result 


mocu 


in infection 


2 Evidence of infection based 
upon the ‘repeat 
the recovery of | from 
the uterine discharge, and the demonstra 


tion of specific agglutinins in the cervico 


Was 
breeding syndrome,’’ 


fetus organisms 


vaginal secretions 


3) There was a distinct correlation be 


EXPERIMENTAL Bovine Visrio Fetus INFECTION 


tween detectable vaginal mucus agglutin *Reich, C. V., Morse, E. V., and Wilson 
Gaseous Requirements for Growth of Vibrio Fet 


ins and lowered reproductive efficiency 3 Vet. Res. 17. (1086): 140 
Vibrio fetus could be repeatedly recovered Hughes, D. E.: A Study of the Diagnosis of 
from animal 14N whose vaginal mucus  Vibriosis with Special Reference to the Detection 
glutininse in the Vagina 
agglutinin titers reached 1:2,560 (1088): 481 
‘ 

4) The vaginal mucus agglutination test Huddleson, J. F.: A Satisfactory Medium 

. . Isolation, Cultivation and Maintenance 
proved to be a valuable aid in the diagnosis 


of bovine vibriosis, provided samples for Terpstra, J., and Eisma, W. A 
attle and Enzootic Infertility Tijdac 
75, (1950): 438. 


Secretions Cornell 


testing were not collected at or near estrus 


lhe interval required for the development * Sjollema, P Vibrio Foetus Infection in Cattle and 
of detectable levels of agglutinins in the Influence on Fertility. Internat 
ervie 4 Anim. Reproduction, Copenhagen (1953 

sure was four to ten weeks. The vaginal Infection in Cattle. Vet. Ree. 64 


mucus titers persisted for approximately 


Conger Physiol, and 


(1952 763 

MceEntee h Hughes ID. } and Gilman, H 
Experimentally Produced Vibriosis in Dairy Heifers 
four to 12 months. Yen. 44. (1084): 876 

5) It appeared that the practical diag  Easterbrooks, H. L., Plastridge, W Williams 


nostic value of the serum agglutination I b and Kiggins, I M Vibriosis iagnostic and 
Therapeutic Considerations, Vet. Med., 2 


j 7 ror j 

test is doubtful Agglutinins to J fetus Willian 

could not be demonstrated in the milk of L. F., Kiggins, E. M., and Walker teproduct 

a known infected cow. The conjunctival and Serological Findings | cifers 
mentally Infected with Vibrio Fetus Ke 

administration and intradermal injection (1955): 4938 


of homologous antigens did not elicit any Vandeplassche, M., Paredis Vas 
| . . Brone and Florent \ 
conclusive reactions Petus-Infektion bei Rindern mit besonderer 
tigung der Unfruchtbarkeit Zentralb 
1956): 111 
“Smith, T Little, R. B 
Boyd, H tovine Genital Vibriosis Academic i Studi n the Etiol 
putation, Reyal Vet. Coll., Stockholm, Sweden, 10955 Med T) 
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Parenteral Benzathine Penicillin V in Cattle 


C. J. HOLLISTER, D.V.M.; R. A. HUEBNER, V.M.D.; 
WM. 8B. BOUCHER, V.M.D.; THOMAS DeMOTT, V.M.D. 


Philadelphia, Pennsylvania 


Ov THE several different natural penicil- 
linus produced as the result of research 
studies, penicillin G (benzyl penicillin) is 
the most commonly used type. In the free 
acid form, it is highly unstable thus it is 
therapeutically useful primarily in the 
form of its stable soluble (such as 
sodium, potassium, procaine, ete.). 

Penicillin V (phenoxymethyl! penicillin) 
is relatively nontoxie and is essentially 
similar in antimicrobial activity to peni- 
cillin G. In the erystalline free acid form, 
it is insoluble and stable in acid medium, 
but it is highly soluble and readily ab 
sorbable from the alkaline upper intestinal 
tract. Jaksch ef al.’ concluded that orally 
administered penicillin V effective in 
horses, hogs, dogs, and poultry. Huebner 
et al reviewed the literature, human and 
veterinary; they reported on the blood 
levels following oral doses of penicillin V 
in dogs and of penicillin V and _ benza- 
thine penicillin V in poultry. Essentially, 
either penicillin V its benzathine salt 
by the oral route produce higher and less 
variable penicillin blood serum levels than 
do salts of penicillin G. 

Comparison between benzathine penicil 
lin G and more soluble penicillin G salts, 
in various vehicles, by the oral and intra 
muscular routes, has been documented in 
the literature ; fundamentally, the ben- 
zathine salt produces more prolonged but 
lower penicillin blood levels. 

This study was undertaken to determine 
the comparative parenteral 
administration of benzathine penicillin V, 
benzathine penicillin G, and procaine peni 
eillin G 
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MATERIALS AND METHODS 

Blood serum samples from 20 normal, adult, 
milking cows of known background were exam 
ined immediately prior to injection and were 
found to be negative for any bacteriostatic ae 
tivity. Ten animals were given a single intra 
museular injection of 3,000,000 units benzathine 


penicillin V in aqueous suspension (10-ce. volume 
5 were given a similar injection of 3,000,000 units 
benzathine penicillin G, and 5 were given 


a simi 


lar injection of procaine penicillin G. Details on 
each animal’s physical status, postinjeetion inter 
vals at which blood and milk samples were drawn, 
and the assays of the penicillin content of these 
table 1 
the 


Sarcina 


body fluids are summarized in Penicillin 


concentrations were determined by microbio 


logical cup-plate method lutea 


the test 


using 


as 


organism 


RESULTS AND DISCUSSION 


A injection of the compounds 
under study resulted in penicillin blood 
serum levels, the height of which appears 
to be directly related to solubility of the 
salt, with the ranking of (1) procaine 
penicillin G, ( benzathine penicillin V, 
and (3) benzathine penicillin G. Duration 
of the levels was in inverse ratio to solu 
bility, thus ranking (1) benzathine peni- 
cillin G, (2) benzathine penicillin V, and 
(3) procaine penicillin G. 

More interesting, however, are the milk 
In benzathine 
penicillin V produced penicillin coneentra 
tions that were higher, longer, and more 
nearly uniform than those resulting from 
procaine penicillin G. Following benza 
thine penicillin V, penicillactia was ap 
proximately third the penicillemia 
level; while after procaine penicillin G, it 
ranged from about fifteenth to 
fourth. These results suggest that penicil 
lin reaches the milk from the blood stream 
not merely through a threshold mechanism 
but by a more specific involvement of the 
mammary tissues; too, there appears to be 
a difference in the mammary distribution 
rates between penicillin V and penicillin G 


single 


samples these secretions, 


one 


one one 


CONCLUSIONS 


Single, intramuscular doses of 3,000,000 


| 


snoenbde uy 


4 
po 


io} €z0°O 6Z0°O 0°O ZSE°O (eFeseay eutwooud (*22 OT) s3tum 000 
0 © z£0°O 690°O 0 0 T60°O OPE°O O9E°O 0 0°? "WwW ET 6 
(*uctsuedsrs 
sroends ut UTTTToTved 
$00°0 0 0 StO°O 650°O O080°0 490°D ETT® (ee (°2°2 OT) S3tum 000 *000 
0 Oz0°O OS0°O g960°O 90° 0 $* eT 2 "Was 2/t 9 Oss 
0 0 0 0 6tO°O #Z0°O T90°O §90°C PIT°O 990°O Z6T°O 0°02 Sic att 
fuoysuedens 
snoent’e uy UTTTpoTued 
@SOD 
Q 490°O €50°O 6£0°O 0 0 Q90°0 £20°0 6£0°0 082°0O 042° uedo "HZ 2/t 2 
0 9z0°0 6£€0°O §20°0 0 0 0 040°O 9Z0°O ESO°O SOT°O SOT°O "MT "WS 064 
0 geo°o BE0°O 210°O #90°0 0 0z0°0 €z0°° go° O9T°O 6IT°O O€T°O OS9° ») 6°95 uedg 
gz0°O 610°0 0 0 L0Z°O SOT°O SOT°O 0 "WZ ET 8 043 
0 920°O 0 0 0 O42°tT 9€0°O 040° etz* 0 8°9 S 6 2/t 9 
0 0 4€0°O 0 0 dv0°O T20°O 960°O OOT*O SPrz°O €°62 “mA OSs VE 
0 960°O §50°O €Z0°O EL0°O 2€2°O 6i£°O 0 9° bz “me 9 


Am. J. Ver. Res 


units of penteillin in aqueous suspension nach peroralen Gaben von Phenoxymethyl-Peniecillin 
vive al | | | Pierd, Schwein Hund nd Huber Penicillin Cor 
v1 Nn » normal, adult. mi king cows (800 tration in the Blood After Oral Administration of | 
to 900 Ib. body weight) were followed by noxymethyl Penicillin to Horses, Pigs, Dogs, and F« 
these results W hr 1954 687 
uebdner i \ Skelle 
] After benzathine peneillin V. there W. F., and Merrion, H. J Phenoxymet} Per 
Penicillin Ur Penns ania sull Vet Ext 
signifi penieille mia for hours Quart. 144, (1956): 2 
and significant and fairly uniform penicil Huebner, R. A., and Green, ©. W. J.: Canine Pes 
lactia for 48 hours cillin Blood Levels Obtained with Ora senzetha 
P Univ Pennsylvania Hu Vet exter Quart J2* 
2) After benzathine penicillin G, peni 1952): 198-141 
cillemia persisted for 144 hours; penicil ‘Huebner, R. A.: Bovine Pen n Blood Levels © 
. tained with Parentera Benzetha Cornell Vet 4 
lactia was negligible 5068): 457=480 
3 After procaine penicillin G, there Glenney, W. C., Batory, C. F., and Huebner, R 
line ci evel taines with 7arente 
and significant but variable penicillactia “Kral, F., Huebner, R. A. and Blumner, H 
for 24 hours Ovine and Porcine Penicillin Blood I Obtained 
Parenteral Dibenzylethylenediamine Dipen lin G 
Comparison of the results with these J. Vet. Res, 15, (1954): ¢ 
salts suggests that the development of pent Diber thylenediamine 
peniciiiin in rke p Poult 
cillactia may result from active participa 1954) : 629-632 
tion of the mammary gland rather than Huebner, R. A., and Blumner, H sovine Per 
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Physiological Aspects of Fluids in Female Genitalia with 
Special Reference to Cattle—A Review 


DURWARD OLDS, D.V.M., Ph.D., and N. L. VanDEMARK, Ph.D. 


Urbana, Illinois 


[NverTILITy of cattle has long been an im 
portant to cattle 
breeders and a source of consternation to 
couscientious veterinarians and animal 
physiologists. It has been estimated that 
about 20.0 per cent of cows require three 
and 


S00 


source of economic loss 


or more services per conception 747 
that 6.0 or 7.0 per cent are nonbreeders 
Studies of repeat-breeding cows and heif 
ers © 294,205 have indicated that failure of 
fertilization may oceur in about 25.0 per 
cent of the animals. However, of the ani 
mals in which fertilization oecurred, it was 
estimated that about 60.0 to 65.0 per cent 
of the embryos died within 34 days of con 
ception. Gross abnormalities of the genital 
organs were observed in only 10.6 and 
; 13.5 per cent ** of these repeat-breeding 
animals. Based on a study of reproductive 
organs from routinely slaughtered 
. and heifers, Perkins et al.*** estimated that 
about 3.3 per cent of the specimens showed 
abnormalities of sufficient magnitude to 
cause sterility, while 8.6 per cent had ab 
normalities which would be likely to lower 
fertility. This would indicate that perhaps 
about half of the infertile animals could be 
expected to show abnormalities 
Thus, it appears certain that a large num 
ber of cows are infertile without showir¢ 

gross evidence of abnormality 
The aceurate diagnosis of the causes of 
infertility is both challenging and diseour 
aging. On one hand, there are many known 
factors or conditions which can be succes 
sively excluded or confirmed during exam 
ination of herds or individuals. These fae 
tors include the infectious diseases, certain 
anatomic defects, 
nutritional deficiencies, and management 
practices.“"" On the other hand, little is 
known regarding the possible role played 


205 


COWS 


ross 


endocrine disorders, 


by variations in the physiological environ 
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ment provided by the internal genitalia for 
spermatozoa, ova, and embryos 

The present review summarizes available 
information on the composition, signifi 
cance, and control of luminal fluids in 
female genitalia. It is hoped that this com 
pilation of published research will empha 
size the need for further work and help to 
indicate areas where additional inforn.a 
tion would be particularly valuable 


ENDOCRINE CONTROL OI 
CELLULAR ACTIVITY 


Estrogens have been shown to cause 
vasodilatation and inereased vascularity of 
female 19, 196.525 gen 
eral, dilatation of arterioles causes capil 
lary pressure to rise, which, along with 
increased area of capillary walls and thin 
ner walls, leads to greater permeability.'?" 
Many have that 
administration causes am inerease in. the 
water and ash content of the uterus and 
vagina 9-13, 50, 69, 197, 203, 500, 345, 446 

Excellent 
roid hormones in 
been published by Roberts and Szego 


The injection of estrogens is followed in a 


studies shown estrogen 


reviews on the action of ste 


uterine metabolism have 


few hours by increased anaerobic and aero 
bie glycolysis in uterine tissue.o* 765! 

115,150, 155, 156, 160,105, 246, 261,200 Est rogens have 
been shown to stimulate synthesis of uter 

ine ribonucleic acid in) ovariectomized 
rats." There is also an increase in adeno 
(ATPase) activity 

4 


sine triphosphatase 
and in high energy phosphates.* 
terone, on the other hand, has been found 
ATPase activity.*'* Estradiol 


an increased ability to 
i4 


I roges 


to decrease 
treated rats showed 
incorporate labeled 
Blood sugar of cows has been reported to 


glycine into protein 


increase during estrus.7* 

It has been 
ministration 
dase activity of the uterus and 
while progesterone this 
itv 26,907, 08, 122.151, 152, 164, 180, 206 Inereased a 
tivity of beta glucuronidase is associated 
with the This enzyme 


that estrogen ad 


hela 


observed 
increases the glucuroni 
Vayilia 


decreases 


growth of uterus 
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may also be associated with the synthesis 


of mucins and with the metabolism of 


estrogens,*"* 

The administration of estrogens has been 
shown to cause an increase in the alkaline 
phosphatase in uterine epithelium, glands, 
and cireular muscle 100, 102, 142, 21%, 207, 827 
The phosphatases are known to take part 
in metabolism by catalyzing the hydrolysis 
of vertain phosphate esters.2%* The synthe 
sis Of phosphate esters is dependent on the 
action of phosphorylases, not phosphatases 

The administration of estrogens to ovari 
ectomized rats has been observed to cause 


pronounced the 


peroxidase activity in 


uterus 


HisToLoGgicaL AND HisTocHeMical 


KATURES 
The epithelium of the anterior 
columnar to 


Vagina 
Vagina consists of cubical 
mucus-secreting types of cells, while that 
of the 
stratified squamous cells,4 
gestion of the blood 
of the stroma during 
In the columnar cells of 
the vagina tallest during 
heat,” but the remainder of the epithelium 


posterior vagina is composed of 
There is a 


and 


eon 
vessels edema 
proestrus and es 
cow, 
anterior are 
tends to be more squamous from estrus to 
ten days postestrus, although true cornifi 
does not occur, In laboratory 
animals, mucification of epithe 


lium appears to be produced by the simul 


eation 
vaginal 


action of and 


7H, 162,168, 207 


taneous estrogen proges 
Larger doses of estrogen 
Ford found that 
in adequate* dosage, would 


the cornifiying action of estrogen 


terone 
cause cornification 
progesterone, 
inhibit 
and cause mueification 
found in 
vaginal smears of guinea “18 it 
suggested that the shedding of vaginal epi 
thelium at estrus may be a process of fatty 
degeneration, Intracellular mucoid re 
stricted to superficial epithelial cells and 
its elaboration is maximal during the pro 
estrous stage.*"" Tntracellular glycogen was 
found to reach a maximum 
during proestrus and lipid was most abun 
dant during and Hlow 
ever, Vokaer reported that the glycogen 
in vaginal epithelium does not change un 
der different 
Alkaline phosphatase activity of vaginal 
epithelium maximum during 


Lipoid substances have been 


pigs Was 


concentration 


proestrus estrus 


estrogen dosages 


reaches a 


im. J. Ver. Rees 
1957 


V AN DEMARK 


the influence of estro 
There may be an associ 
ation between this activity 
and pentose nucleic acid in the synthesis 
of fibrous protein (i.¢., keratin Alkaline 
phosphatase has also been reported to in 


under 
141,147,247, 410 


proestrus, 
gens 


phosphatase 


crease in cervical mucus under estrogenic 
influence,!77 

Asscher and Turner “ observed that sulf 
hydry! accumulated in the 
layers of mouse vaginal epithelium during 
diestrus. In the process of keratinization, 
sulfhydryl groups were oxidized to disul 
fide 

Vaginal from 
found to contain few 
121,208 There are ordinary 
cells, large polyhedral cells (basal cells of 
epithelium ?), small round from the 
cervix uterus, leukocytes 
There is a preponderance of leukocytes in 
the three after mating.*® 
Otherwise, the presence of leukocytes in 
the during 


pathological conditions 


groups basal 


groups. 

have been 
cornified cells at es 
epithelial 


smears COWS 


trus. 


cells 
and and no 


smears hours 


heat is suggestive of 
There are conflict 
the reliability of 
diagnosing estrus o1 


04, 244, 262, 275 


smears 


ing OP regarding 
vaginal 
stage of cyele in the cow 
Herrick reported 
cells of the 
fullness at 


smears 


that 
cervix iD 
estrus. At 
the cells 
cytoplasm 
reported 


has 
mucus-producing 
cows show 
this time, 
rupture 
(mucus 
that 
stimulated by 
secretion was increased by 
pus luteum 
Uterus 
capillary bed and thus growth in thickness 
' This is due partly to 


the luminal 
and 
into the 
glands of 


ends of 
their 
lumen, Cesa 
the cervix 
and that 
extracts of cor 


discharge 
61 


MUCOUS were 


mucous 


estrogens 


Estrogens cause growth in the 


of the endometrium 
cell proliferation and partly to an edema 
which begins in the deeper portions of the 
tissue near the myometrium and gradually 
spreads so that by the time of heat the su 
perficial layers are involved and the cells 
and connective tissue elements are pushed 
apart 
day. 

Estrogens appear to stimulate the depo 


This edema subsides on the second 


sition of glycogen in uterine epithelium 
and musculature How- 
ever, movement of epithelial glycogen from 
the basal ends of cells to the luminal ends 


8, 39, 48,92, 135,258, 284 


and its release is apparently influenced by 


progesterone Lipid is present in 


1M. J. Ver. Kes 
Juny 1957 


cells of the uterine epithelium during the 
greater part of diestrus and appears to be 
under luteal control].?: 54. 19%, 219,225,245 Bis. 
trogens have also been reported to produce 
muscular hyperplasia and epithelial pro- 
liferation.*7""! Both and proges- 
terone have been observed toe increase mi- 
uterine epithelium.” However, 
progesterone could only exert its action if 
the tissues had been previously sensitized 
by estrone. Corinaldesi 7 that 
cultures of uterine mucosa degenerated 
unless they contained fragments of gran 
ulosa or corpus luteum. Salvatore 7° re 
ported that injection of ovariectomized 
rats with 100 1.0. of estrone daily for three 
days caused a doubling of nuclear volume 
in endometrial cells. Progesterone caused 
no such change. Asdell ef al.” found that 
the ratio of cell length to nucleus length 
was about 4:1 just before heat, reduced to 
about 2:1 at heat, and continued to de 
the next two days and then 
increased throughout the dies 
Benoit ef suggested that 


estrone 


toses in 


reported 


crease for 
gradually 
trous period 
the activity of gland cells can be measured 
by estimating the ratio of the area of 
the nucleus to that of the whole cell 
Drasher “:** reported that ribonucleic acid 
was maximal within the epithelial cells at 
the time of maximal cytoplasmic function 
The cellular ribonucleic acid content was 
significantly correlated with the water con 
tent of the uterus and with the amount of 
protein nitrogen synthesized. Uterine tis 
sue has been found to be uniformly richer 
in sodium and poorer in than 
muscles of the same animals.® 
Weber ef 415 the histo 
logical nature of postestrous bleeding in 
cattle. They endometrial 
which began during early proestrus and 
reached a maximum near the time of ovu 
lation fluid from 
the endometrium in considerable quantity 
with the formed blood 
were observed to accumulate 
the central pitted 
the onset of metror 
reported 
that about 20.0 per cent of the cows bred 
at the time of postestrous bleeding con 
Trimberger *** found that the oe 
postestrous bleeding had no 
value in predicting whether coneeption 
had Hansel Asdell ' ob 


served evidence of microscope bleeding on 


potassitim 
24 


deseribed 


observed edema 


Tissue was discharged 


along elements of 
Mast 
in large 
areas of caruncles at 


cells 


numbers in 


Larson and Bayley 
ceived. 
currence of 


occurred and 
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the tenth day of the cycle. They suggested 
that the usual postestrous bleeding is an 
estrogen-withdrawal phenomenon. Weber 
et al”® have also described the oecurrence 
of subserous hemorrhage in the uteri of 
heifers during the period from estrus to 
four days postestrus. As far as could be 
determined, no edema of the perimetrium 
occurred, Such hemorrhages were not ob 
served in multiparous cows 

Prolonged administration of large doses 
of estrogens has been shown to produce 
metaplasia of the uterine epithelium, t- 
conversion of columnar epithelium to strat 
ified squamous,'** 271,582 Other changes, 
such as glandular and endometrial hyper 
tyumorous growths,'*? and 
inflammations, have 
Fairly large doses of estro 


plasia, 
purulent 
been observed 
have been 
gration of uterine 
toward the surface.*** 
trogens may also produce metaplasia, cyst 


tumor-like papillae in the 
142, 1438 


70, 
170, 206 also 


reported to cause mi 
epithelial cell nuclei 


Large doses of es 


tre 


formation, or 
cervieal epithelium 

Oviduct.— Estrogens and gonadotropins 
have found to stimulate 
cretion by epithelial cells of the fallopian 
that the phosphatase ac 
bovine 


been mucin se 
alkaline 

oviduets 


ported 
tivity in 
during the follicular phase of 
The mucosal epithelium showed increased 


inereased 
the ey cle 


Was 


pseudostratification, goblet-like cells, and 


extruding nuelei during diestrus. Gly 
cogen and small amounts of lipid aecumu 
late during the luteal phase. Murphey *'® 
also observed extruding cell nuclet in the 
bovine oviduct. Lombard ef al.'™* found 
that mucus-like material was more 
dant in the oviduct at three to four days 
Enzmann 
bodies’’ which he found in the oviduets of 
rabbits: he believed them to be formed 
from cellular debris which acquired a coat 
Henin '*® found that lipids 
the oviducts of mice dur 
liberated during 
extrusion 


postestrus deseribed ovoid 


of albumin 
formed in 
and 


also 


were 
ing proestrus were 
estrus He 
from the mucosa of cells of unknown ori 
vin: the 
during diestrus 


the 


described an 


rate of extrusion was maximal 


and was most frequent 


near Ostitimn 


CHARACTERISTICS OF LUMINAL FLUID 


Cervicovaginal Mucus 
Masuda ef al.,'"* the 


According to 


average amount of 


540 


during estrus 
the discharge was greatest 
soon after the beginning of heat. Many 
reports have made the 
measurement of viscosity of cervicovaginal 
mucus and its interpretation. 106 107,22! 
249, 268-270 Phe viscosity is least during es 
trus and highest during pregnancy. Ca- 
listi®® found that viscosity of vaginal 
mucus decreased as temperature increased 
from 25 to 38C., and that 
creased as the NaCl concentration was in 
creased up to 3.0) per Further in 
creases in NaCl up to 7.0 per cent resulted 
in inereased viscosity of the mucus. He 
found that pHl had no effeet on viscosity, 
nor did diffusing factors in semen (hya 
luronidase), Cohen ef found that 
maximal ‘*NSpinnbarkeit’’ was obtained at 
about the time of women 
Spinnbarkeit was determined by placing a 


vaginal discharge in 
106.8 ce 


COWS 


Was 


been concerning 


VISCOSITY de 


cent 


ovulation in 


small amount of cervical 
croslide and covering it with a cover slip; 
then lifted and = the 
the mucous thread 


mucus on a mi 
the cover slip was 
maximum length of 
measured 

When cervical mucus is allowed to dry 
on a glass slide and is examined micro 
scopically, fernlike crystallization patterns 
are the mucus is obtained within 
four to five days before or after es 
1,104, 301, Such arborization is not 
during luteal pregnancy 
Appearance of crystallization patterns 
during the first four months of pregnaney 
with an in 
creased tendency to abort.** Zondek and 
Rozin reported that dialyzed cervical 
mucus fails to produce arborization, but 
that reaction reappears after mixing the 
dialy zed mucus with electrolytes 

The vaginal fluid of rats has a pH of 
about 7.2, except during estrus when the 
pH falls to about 4.4.'° Estrogens have 
found to lower the vaginal pH in 
4 and in women.*™ However, in 
mares, the vaginal pH during diestrus has 
been found to be 7.0 to 7.5 and it increased 
to about 9.0 during estrus.**'®® In ewes, 
the mean vaginal pH during diestrus was 
6.69 and fell to 6.6 during estrus.24? In 
the usual pH during diestrus is 


6.5 to 7.0 and rises to about 7.6 to 
64,855, 191, 100, 204, 249, 270 In 


seen if 


trtis 


seen stages or 


in women has been associated 


been 
monkeys 


COWS, 
about 
%1 during heat 
general, the pH of the cervical mucus is 
about 6.8.2 77" Samples tested im vitro or 
from slaughtered animals are usually 
somewhat alkaline than 


more when 


vivo determinations are made.** Calisti 
found the isoelectric point of pregnancy 
mucus to be about pH 3.0 to 4.0 

In general, the dry matter of cervical 
mucus averages about 1.2 per cent during 
estrus, 2.4 per cent during diestrus, and 
15.9 per during pregnancy.** 
240, 402,326 The dry matter of estrous mucus 
contains about 58.9 per cent ash, 2.9 per 
cent nitrogen, and 1.5 per cent ether ex 
tract, while the dry matter of pregnancy 
mucus contains about 11.0 per cent ash, 
7.7 per cent nitrogen, and 3.0 per cent 
ether extract. Seott Blair et al. reported 
that nitrogen, dry matter, and viscosity of 
during 


cent 


mucus reached minimum values 
estrus 

According to Kaemmerer and Neu 
mann,'*® the reducing substances of cervi 
cal mucus in vary from 0 to 1,310 
mg./100 ml. The addition of hyaluroni 
dase increased the amount of free reducing 
substances. Boyland,** however, reported 
no effect of hyaluronidase on bovine cervi 
MeClean and 
hyaluronidase 
is inactive on mucus both 
during estrus and diestrus. Calisti®® found 
no effect of hyaluronidase on the vi cosity 
of vaginal mucus. Boyland ** found that 
after hydrolysis about 20.0 to 25.0 per cent 
of the dry matter of bovine cervical mucus 
was equivalent to glucose. During diestrus 
and pregnancy, about 0.5 per cent of the 
dry matter was N-acetylglucosamine but, 
during estrus, only traces could be found 
Roark and Herman *** applied iodine tests 
to bovine mucus and found them positive 
for glycogen; the biuret test was feebly 
positive for peptide linkages and the nin 
hydrin test was negative for free amino 
acids. The xanthoproteie test indicated the 


COWS 


Observations of 
that 
bovine cervical 


cal mucins 


Rowlands !** indicate 


presence of phenyl groups as in tyrosine, 
tryptophane, and phenylalanine, and a 
sulfur test indicated the presence of sulfur 
as in cystine or cysteine. Before acid hy 
drolysis, 100 ml. of human cervieal mucus 
has been found to contain 50 to 120 mg. of 
reducing substance and 410 to 
100 ml. after hydrolysis.24°° Human cervi 
cal mucus found to 
polysaccharide consisting of galactose, 
fructose, and hexosamine.** 
Cholesterol and phospholipids have 
identified.47 Werner *** reported the 
presence of glycoprotein containing sialic 


790 mg 


has been contain a 
mannose, 
also 


been 


acid as the characteristic sugar component 
found { 


Supperer 7°" about &35 mou. of es 


{ 
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he PHYSIOLOGY OF 


trogen per liter of vaginal mucus from 
estrous COWS. 

Uterine Fluid.—Aceording to Amoroso, 
the term ‘‘uterine milk’’ was first used by 
Needham in 1667. He also cites references 
to chemical studies on uterine milk dated 
in 1842, 1855, and 1864. It was reported 
that uterine fluid contained about 12.0 per 
cent dry matter, 0.5 per cent ash, 10.0 per 
protein, 1.0. per fat, and no 
glucose. 

The pH of uterine fluids in cows has 
been reported to be about 5.8 to 7.074 
72.273 and varied little during the estrous 
However, bacterial infections 
were generally with 
pH.*** 774 In the mare, uterine pH has 


eent cent 


272, 273 
evele 272 


associated increasing 


been found to be about 6.4 during the lu 
teal phase and 6.9 during estrus."* In both 


rats and mice, the occurrence of estrus Was 
associated with an increase in the pH. of 
uterine fluids.''® The oxidation reduction 
potential of rat uterine fluid indicated a 
strong oxidizing system.''® Evidence for 
variation The 
quantity of uterine fluid is relatively large 
in rats and has been found to play a sig 
nificant role in transport of 
and in fertilization.'7 44 

Sturgis **7 studied the flow of 
fluid in monkeys by means of an 
abdominal fistula. Adrenalin and 
venous saline were found to 
rate of flow. Large doses of 
decreased the flow 

Oviduet Flud—A substance positive to 
Schiff’s periodic acid 
Was 


was inconclusive 


spermatozoa 


uterine 
utero 
intra 

the 

pilocarpine 


inerease 


(polysaccharide or 
glycoprotein, ete.) found to be se 
ereted by the nonciliated epithelial cells of 
the oviduet in ewes during proestrus and 
estrus.''? The pH of the ewe’'s oviduct has 
been found to be 6.0 to 6.4 during diestrus, 
6.4 to 6.6 during proestrus, and 6.8 to 7.0 
during estrus and metestrus.''*® After spec 
imens had stood for about two hours, the 
pH fell to 6.2 regardless of the phase of 
cycle or temperature of refrigeration. The 
pH of the bovine oviduct has been reported 
as 6.72,273 

Follicular Fluid.—The pH of bovine fol 
licular fluid has been reported as about 
7.3 to 19.273 Titwak-Mann made 
bovine follicular 
fluid and found it to contain 7.6 per cent 
dry matter, 252.0 mg./100 ml. Na, 32.0 
mg./100 ml. K, 8.6 mg./100 ml. Ca, 1.6 
mg./100 ml. Mg, 390.0 mg. /100 ml. Cl, 5.8 


a chemical analysis of 


in Bovine 
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to 900.0 
100) ml 


: 
alu ose, 


inorgamnie P, 750.0 
total N, 18.6 mg 
NPN, 39.0 to 43.0 mg./100 ml 
13.0 to 95.0 mg./100 ml. lactic acid, and 
0.8 to 3.0 mg./100 ml Ross 
et al. found human eystie follicular fluid 
to contain 0.0226 moles of bicarbonate per 
liter, 653.0 mg./100 ml. Cl, and 67.0 mg 
100 ml The freezing point of bo 
vine follicular fluid has been reported as 

38 to Human follieular fluid 
has been found to sulfomuco 
polysaccharide which is 
sponsible for its high viscosity.*** Bovine 
follicular fluid has been shown to have 
antihyaluronidase activity"? glycopro 
tein has also identified in follicular 
fluid.'*° 

Bull spermatozoa may live in bovine fol 
ieular fluid for as 
However, follicular fluid from pregnant or 
nonestrous cows caused agglutination and 
death of the spermatozoa. Kurzrok ef al.'°" 
found that human follicular fluid would 
maintain human spermatozoa for a longer 
time and in greater activity than seminal 
plasma. Similarly, Perloff et al? found 
that all samples of human follicular fluid 
increased sperm motility The addition of 
liquor follicull to uterine mucus and semen 
prolonged spermatozoal viabil 
ity.*"! Howeve., Brown®' and Ross ef al.” 
reported that sperm motility was not no 
ticeably affected by follicular fluid. Lav 
wak-Mann '” examined the effect of fol 
licular fluid on sperm fruetolysis and 
concluded that there effect 
than that due to the glucose content 
follicular fluid has 
found to contain at least 1,000 ru 
trogen per liter.’** The total 
estrogenic substance in the liquor folliculi 


mg./100 mil 
mg./100 ml 


ascorbic acid 


glucose 


contain a 
probably — re 


been 


long as 48 


was no other 


sjovine eystic been 
of es 


amount of 


of 1 ton of sow’s ovaries has been found to 
be about 1 mg.'™ D’Amour ef al.7? found 
950 ru. of estrogen per liter of sow follicu 
lar fluid. Mare follicular fluid 
found to contain about 2 mg. of 
equivalent per 100 Human follicular 
fluid has been found to contain 58 to 250 
m.u. of estrogen per 100 ce.*** Follicular 
fluid has also been found to contain small 
to 


has be er 


estrone 


amounts of just 


ovulation.”* 


progesterone 
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Sperm Transport Spermatozoa have 


been found to reach the oviduct of rats 


within 15 minutes after copulation.** 


However, the number of spermatozoa in 
the oviduet continues to increase for sey 
eral hours.” In rabbits, it has been esti 
mated that sperm may reach the upper 
oviduct less than five minutes after copu 
lation.'"*° However, other reports have in 
dicated that the time required is three 
hours,** In women, sperm have been found 
to reach the oviduet within 30 minutes 
after their introduction into the vagina.*® 
In ewes, some workers found that it took 
five to eight hours for spermatozoa to reach 
the while found 
spermatozoa in the oviduct in as short a 
time as six to 30 minutes after insemina 
1,244, 267,255 Tn cows, the time required 
for spermatozoa to reach the upper oviduct 
has been reported as four to five hours,‘ 
and three-quarters to four hours,*° 
and more recently, less than two to four 
minutes, 405 506 


others 


tor 


Parker **" believes that in rabbits sper 
matozoa pass through the uterus under 
their own power but are transported 


through the oviduct chiefly by means of 
countercurrents induced by The 
effective stroke of the cilia is downward, 
but the arrangement of folds in the mu 
cosa results in countercurrents toward the 
ovary. Schilling and Kordts *** found that 
on a level plane spermatozoa observed in 
extirpated surviving uterine tissue mi 
grated in both directions, 
inclination of 30 degrees a few moved up 
wards, but the majority downwards. At 
an inclination of 40 degrees, only a few 


cilia 


whereas at an 


sperm migrated against the strong counter 
current. Rossman *°* observed in rats that 
uterine peristalses moved semen in circuits 
from one end of the uterus to the other in 
a few seconds 

Leonard and Perlman reported that 
in rats the uterotubal valve permits the 
passage of living rat spermatozoa at 12 to 
72 hours after estrus but will not permit 
inert particles (India ink) or immobilized 
rat sperm to be passively carried into the 
oviduct. Motile bull, mouse, or guinea pig 
spermatozoa could not enter the rat ovi 
duct, There is evidence that relaxation of 
the cervix is produced in rats by the pres 
ence of the vaginal plug.*':** Such relaxa 
tion appeared to be necessary for sperm 
transport. 

Asplund? described a substance ‘* pros 
taglandin,’’ 


182 


in human semen, which had a 
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stimulating effect on rabbit uterine muscu 
lature and caused a lowering of tonus in 
the abdominal tubal ostium. Observation 
of laparotomized ewes has shown that con 
tractions of longitudinal muscles of the 
uterus began one to two days before heat, 
reached a maximum during heat, and 
gradually after ovulation.*** Seg- 
mental contractions of 
then occurred Uterine quiescence occurred 
at about four to five days after heat. Si 
multaneous longitudinal 
muscles and relaxation of circular muscles 
was thought to assist in opening the cervi 


ceased 


circular muscle 


contraction of 


eal canal. 

VanDemark and Hays,'**:** 
fused bovine uteri, found that when semen 
midway into the cervix at 
oxytocin was injected into 


using per 


was deposited 
the same time 
the perfusate sperm transported 
throughout the uterus and into the ovarian 
portion of the oviduct in a matter of min 
utes. When no oxytocin was given, either 
no sperm transport occurred or the extent 
of travel limited to the uterus. Ya 
mada *** described ciliary motion of dif 

Various 


were 


was 


segments of 


ceountercurrents 


fering directions in 
the oviduct in the frog and tortoise 
believed to result in 
which caused rotation of the egg and gave 
it a uniform coating with jelly or shell 


Was 


Herman and Horton '! found that the 
viscosity of bovine cervical mucus was 
lowest during the first six hours of estrus 


and then gradually increased. Berrang ** 
found an inverse relationship between the 
of mucus and the penetrability 
Wiesner 


Viscosity 
by spermatozoa. Barton 
that and 
were virtually immiscible and that fertility 
depended on the ability of sperm to pene 
trate the interface between 
Hlowever, Wunsche that 
did not penetrate the mucus but 
traveled along its surface. Lamar et al.!™ 
found that human cervical mucus rendered 
the cervix temporarily penetrable by sper 


and 


showed semen cervical 


mucus and se 
men observed 


sperm 


matozoa for a period of about four days 
between days 9 and 19 of the eycle 
Khreninger-Guggenberger ! 
that when a pipette filled with physiologi 
cal saline solution placed vertically 
into a dish of did not 
migrate upward into the pipette. However, 
when the saline was replaced by starch or 
dextrin the did 
Likewise, when the cervix of a freshly ex 


observ ed 


was 


semen, the sperm 


solution, sperm enter 


Am. J. Ver. Res 
JULY 1957 


tirpated uterus was placed in contact with 
semen, no sperm were found in the uterine 
body within 12 hours unless mucus was 
expressed so that it came in contact with 
the semen. Abarbanel! reported that, in 
women just before ovulation, cervical mu 
cus increased in volume, decreased in Vis 
cosity, showed a decrease or total absence 
of leukocytes, and was temporarily pene 
trable by spermatozoa. These changes were 
shown to be due to the action of estrogens 

Raps *** reported that the amount of 
mucus present in the genital tracts of cows 
at the time of insemination had no signifi- 
cant effect on conception rate. DeVuyst 
and Vervack found no relationship be 
tween the degree of viscosity of cervical 
mucus and the conception rate. However, 
Filatova ® found that increasing elasticity 
of vaginal mucus was related to increasing 
conception rate. 

The addition of ‘‘mucinase’’ (hyaluron 
to diluted bull semen has been re 
ported to increase fertility by 18.0 to 20.0 
per cent.® These authors believed 
that the effect was probably due to a re 
duction in viscosity of mucus. However, as 
previously mentioned, it appears that hy 


idase 


aluronidase does not affect the viscosity of 
mucus. Calisti and Quacquarini®? reported 
that the addition of hyaluronidase to high 


dilutions of bull semen had no_ beneficial 


action on fertility. Chang found that 
the application of hyaluronidase to the 


vagina before insemination or the addition 
of hyaluronidase to the sperm suspension 
had no significant effect on the fertilization 
Fiorentino and Ca 
inconclusive from 


of rabbit ova im 
retta 
the addition of hyaluronidase to bull se 
men: 3 bulls showed slight 
fertility, while 1 bull showed a 
Johnston and Mixner '® found no signifi 


obtained results 
increases 
decrease 
cant correlation between the fertility of 
bull semen and its hyaluronidase content 
Sallman and Birkeland *°* obtained evi 
that high concentrations of hyalu 
ronidase in semen were, in 
with decreased fertility 
Viability of 
duration of 


dence 


fact, associated 


rhe 


capacity of 


Spermatozoa maxi 


mum fertilizing 
spermatozoa in the female genital organs 


of rats has been reported as 14 hours.” 


In mice, spermatozoa have been found to 
enter the oviduct within one and one 
fourth hours; fertilizing ability was re 
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tained for about six hours in the oviduet, 
although motility lasted 13.5 hours.“ In 
guinea pigs, fertilizing power was retained 
in the female genital tract for 22 hours, 
but a decrease in the percentage of fertile 
inseminations occurred after 17 hours 
In rabbits, sperm have been found to re 
tain their fertility in the female tract up 
to 30 In women, spermatozoa 
have been reported to retain fertility for 
40 to 80 hours, 144, 256, 286,316 Viability 
has been reported as one hour in the va 
gina, 25 hours in the uterus, and 40 hours 
in the cervix.'** In ewes, spermatozoa have 
been reported to remain viable about six 
to 20 hours in the vagina, 24 to 80 hours 
in the cervix, nine to 12 hours in the 
uterus, and only a few hours in the ovi 
duct,7 10%, 16%, 259.241 The duration of sper 
matozoan fertility in has been re 
ported as 28 hours to six days,94 77 24! 
In cattle, it has been reported that sperm 
fertile in the female genital 


25, 161, 171, 807, 


nares 


may remain 
tract for 15 
Beshlebnov * found that survival of sperm 
was longest in the cervix (24 to 30 hours 
whereas sperm in the vagina were immo 


to O6 hours 


bilized after four hours, while in’ the 

uterus and tubes degeneration occurred 

after ten to 15 hours 
Fertilization.—Austin and Austin 


and Braden '®'? reported that rat sperm 
required about four the female 
tract before they are capable of fertilizing 
made similar observa 
tions in rabbits. He found that ejaculated 
or epididymal rabbit spermatozoa required 
stay in the oviducts to 
The develop 


hours in 


Chang 


evus 


at least six hours’ 
acquire fertilizing capacity 
ment of fertilizing capacity of sperm could 
be partially achieved in the uterus 
then completed in the tubes. Zitth 
O'Dell * reported evidence for a keratin 
like the 


bull sperm. Green '* found that the mem 


ani 
and 
protein, perhaps on surface, of 
brane of ram sperm was insoluble in many 
protein solvents and suggested that it wa 
probably an albuminoid. It may be speeu 
lated that 
ical 
paratory to 


‘capacitation’’ involves a chem 
the 


dissolution 


membrane pre 
Such 


action on sperm 


dissolution 


Is undoubtedly necessary before fusion of 


male and female pronuclei can occu 
Blandau and Odor found that the ey 
ternal sheaths of the middle and main 


piece gradually disappeared nine to 19 
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57 
hours after the sperm penetrated the estrous and pseudopregnant rabbits and 


ooplasm 

Moricard *"' suggested that follicular 
fluid may have a meiogenic action on ova 
The same author *'* observed that no sper 
matozoa penetrated the zona pellucida of 
the rabbit oocyte when the latter was cul 
tivated in witro under aerobie conditions 
However, under relatively anaerobic con 
ditions, spermatozoa penetrated the zona 
pellucida of 14 out of 21 oocytes 

Swyer * observed that artificially ovu 
lated rabbit eggs were denuded of cumulus 
cells by insertion for 20 to 30 minutes in a 


hyaluronidase solution, but the corona 
radiata remained intact. A fallopian tube 
extract had no such effect but, when eggs 
denuded of cumulus cells were inserted 


into the fallopian tubes of normal pseudo 
pregnant rabbits, the corona radiata was 
removed within three Smith *7* 
found that when small pieces of fallopian 
tube were added to egg cultures, 
corona cells dropped off but, 

parthenogenetic cleavage 
completely 


hours 


some 
more im 
portant, and 
fragmentation 
prevented 
Resistance to Infection It has been well 
established that the uteri of estrous rabbits 
are more resistant to infections than those 
of pseudopregnant 
wise, the bovine uterus has been found to 
be more infection during es 
trus than during diestrus.°0 !7 254, 255 This 
phenomenon has been attributed to the ae 


were almost 


rabbits.*? 


resistant to 


tion of progesterone in reducing resistance, 


since untreated ovariectomized animals 
had resistance similar to estrous animals, 
while progesterone-treated animals were 


more subject to infection.** However, there 
that treatment 
COWS positive 


264, 255 


is some evidence estrogen 
of ovariectomized 
influence increasing 
Older cows and repeat breeders have been 
observed to have than 
heifers or first-service Land 
gren !"' reported the successful use of stil 


has a 
resistance 


more resistance 


bestrol in treating purulent endometritis 
Brauchhardt * reported that 
produced a 60.0 per cent increase in the 
weight of lymph nodes in 
Also, it has been reported that estrus in 


estrogens 


guinea pigs 
cows is associated with an increase in total 
leukocytes as well as in the relative num 
ber of polymorphonuclear leukocytes 55, 03 
Hawk et al.'*8 Escherichia 


suspensions into the peritoneal cavities of 


injected coli 


no difference was found in the number of 


bacteria recovered from the peritoneal 
cavities of the two types of rabbits 28 
hours later. However, the numbers re 
covered from the uteri differed consid 


erably, being higher in the pseudopreg 


nant rabbits 
Agglutinins against Trichomonas foetus 
have been demonstrated in both uterine 


and vaginal fluids of previously infected 


cows, Likewise, agglutinins for Bru 
cella 145 and Vibrio fe tus 41, 148, 176, 202, 237, 248 
have been demonstrated. In the case of 


V. fetus, the agglutinins of cervicovaginal 
mucus were observed to persist longer than 
blood serum antibodies Mae 
Kinnon '*® reported that among cows in 
fected with V. fetus, positive cultures were 
more readily obtained from mucus during 


Lawson and 


estrus, whereas positive agglutination tests 
were more frequent at other stages of the 
cycle. Hughes '** 
tained by the 
likely to be positive than were samples of 
that 
positive reactions were less frequent dur 


found that samples ob 


tampon method were more 


aspirated mucus. Boyd reported 
ing the last three months of pregnancy 

Leonard and Kuzrok '*! immunized 
against bull testis extracts and found that 
uterine fluid immunized rat 
inhibited the action of hyaluronidase, 
whereas uterine fluid of did 


not. However, follicle cells of ova from im 


rats 
from an 
control rats 
munized rats were dispersed as readily as 


from 
Young calves, injected with gonad-stim 


those normal rats 


ulating hormones, developed serum anti 


bodies when ex posed to Brucella abortus, 
control calves failed to 
115 


whereas untreated 
develop such antibodies 

Verna et al.*" isolated about 50 differ 
from the 4 


ent microorganisms Vaginas of 


cows. Using cellular suspensions of these 
organisms as antigen, agglutination against 
serums of cows was observed 

Spermatozoa have been observed to pos 
sess specific antigenic properties.** 129 
radioactive P**, it 
found that P was rapidly absorbed 
from the female genital tract.2° However, 
attempts to induce sterility by active im 


276,277 Using has been 


sperm 


munization against spermatozoa have been 
128, 180 Kato! 


agglutination of rabbit sperm by 


unsuccessful deseribed 


vaginal 
and uterine secretions both in vivo and in 


believed the action to 


However, he 


wilro 
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be due to nm utral salts contained in the se Asplund, J _ a nary Experiments in Cor 
nection with the Effect of ‘rostaglandin on the lteru 
eretions. Lindahl and = Kihlstrom re and Tubsae in Vireo, Acta Physiol. Seand., 13, (1947 
ported the presence of an antiagglutinat 109-114 (Anim. Breed, Abstr., 17, [1949]: 82) 
. Asache W., and e J.: Vaginal Sulfyds 
ing factor in seminal plasma of man and 4 
on and Disulfide Groups During the Estrous Cycle of tl 
other mammals. The substance is reported Mouse. Nature, 175, (1955): 900-901 
as being a protein containing a carbohy *Astwood, E. B.: A Six-Hour Assay for the Quant 
tative Determinatio of Estrogen. Endocrinologs 
drate group and its activity is restricted 
to the reduced form since oxidation causes ” Astwood, | Bb Time Relationship in the Growt) 
it to lose its ability of being fixed to the #4 Woter Rarhange of the Uterus Following Estrogen 
Stimulation Anat ten 70, (1938, suppl. 
fare 
cell surface. Lindahl and Nilsson ob dem. Wen 
served an antagglutin action in follicles Content of the Uterus of the Normal Adult Rat. Am. J 
4 Physiol 126, (1999 162-170 
and vidu ts of rabbits following ovarian 3 Astwood, E. B.: Factors Influencing the Early A 
stimulation, either during estrus, by hor- tion of Estrogen upon the Uterus. Am. J. Physiol 
mone injections, or by mating. This antag 4 
. . tkinson ane tman fleet of “te 
glutin was also found in the follicles of oid sex Hormones on Distribution of Alkaline Pho 
cattle and swine. Its action was not species phatase in Uterus of the Mouse. Proce. Soc, Exptl. Bio 
158. 159 and Med., 62, (1946 148-150 
specific Kibrich et al. described pro 
cedures for detecting antibodies against the Sperm into the Mammalian Egg Austral. J. Scient 
Ke had 1951 1-506 
er 
rmatozoa Austin, ¢ Kk The Capacitation of the Mam 
CONCLUSION lian Sperm, Nature, 1706, (1952): 626 
— ; “ Austin, C. R., and Braden, A. W. H.: Passage « 
Unfortunately, a knowledge of the sub the Sperm and the Penetration of the Egg in Mamn 
ject matter in this review contributes little ‘#tre, 620-983 
t fi } ili | an | \ustin K and Hraden \ W iH Time 
one S speci a ity to lag ane tions and Thei signif ance in (ivulation and 
treat infertility However, it seems clear tration of Eves in Rats and Rabbits. Austral, J. Bic 
7, (1954): 179-195 


that research workers are slowly but surely 


* Barton, M. and Wiesner, B. P The Receptivity « 
placing physiology on a foundation of cel- Cervical Mucus to Spermatozoa. Brit. M. J, 2, (1946 
lular biochemistry. There is adequate evi-  ©°6-61° 

° Beilly, J. Hvdrogen ton Concentration Char 
productive organs is dependent upon many Cycle. Endocrinology, 25, (1989): 275-277 
Bengtsson, | Sperm Absorption in Ar 
intricate factors involving the circulatory, Abate. 19. (1951)> 510 
nervous, and endocrine systems. Correlat * Benoit, J., Kehl, R., and Leportois, M.: Biomet) 
ing the chemical and physical characteris- Teehmiaues Applied to the Histophysiology of Glandular 

Organs Particularls im the Field of Endocrinolos 
tics of genital tract fluids with histochem Cytometric Techniques. Histometric Techniques. Compt 
ical and endocrinological activity remains — rend. Soe. de biol, 196, (1942): 514-519 (Anim, Breed 
. Abstr 1044 i) 
ing problems of fertility. Superimposed on — drates im Human Cervical Mucus, Acta obst. et gyn 
are a host of bacteriological and pathologi Kerrang, K.: Mucus Penetrating Power of B 
. cal processes, all of which must be prop epee in Vitro, Anim, Breed, Abstr., 21 195 
{ erly assessed in the diagnosis and treat 
ment of infertility ginal pH During the Estrous Cycle in the Mare. ¢ 
rend. Soc. de Biol, 199 194 459-460 (Anin 
Abstr., 14, [1946]: 198 
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The Behavior of Spermatozoa in Luminal Fluids of 
Bovine Female Genitalia 


DURWARD OLDS, D.V.M., Ph.D., and N. L. VanDEMARK, Ph.D. 


Urbana, Tllinois 


LUMINAL FLUIDS of female genital organs 
may, during various phases of the repro 
ductive serve as vehicles for the 
transport of spermatozoa, mediums for the 
preservation of spermatozoan viability, and 
they no doubt have other functions asso 
ciated with fertilization and 
development 


process, 


embryonic 


It has been reported that spermatozoa 
may remain fertile in the female tract of 
cattle for 15 to 56 hours.*:'* Beshleb 
nov* found that survival of sperm was 
longest in the cervix (24 to 30 hours 
whereas sperm in the vagina were immo 
bilized after four hours. In the uterus and 
oviducts, degeneration occurred after ten 
to 15 hours. No explanation for the varia 
tion in survival is known, It 
that knowledge of the composition of the 
fluids in the various parts of the tract 
would be suggestive of their ability to sup 


is possible 


port sperm 

The exact composition of the 
vaginal mucin is not known, but it is pre 
sumably a polysaccharide or glycoprotein 
similar to hyaluronic acid 
There are conflicting reports on whether 
hyaluronidase acts on cervicovaginal mu 
Kaemmerer and Neumann ** reported 
that the addition of hyaluronidase in 
creased the free reducing 
However, Boyland,’ McClean and 
Rowlands, Calisti® found no effect 
of hyaluronidase on mucus. Lipphardt and 
Pommerenke '* reported that the incuba 
tion of washed spermatozoa in human cer 
vical resulted in a 
total reducing substances which were pres 
ent after acid hydrolysis. The addition of 
diluted 
bull semen has been reported to Increase 
fertility by 15 to 20 percentage units 
These authors believed that the effect prob 
ably was due to a reduction in the viscos 


eervico 


compounds 


substances in 
mucus 
and 


mucus decrease in the 


‘*mucinase’’ (hyaluronidase) to 


on the Department of Dair 


Urbana 


ity of the mucus. Calisti and Quaequarim 
reported that the addition of hyaluron 
dase to high dilutions of bull semen had 

Chang 
hyaluroni 


no beneficial action on fertility 
found that the application of 
dase to the vagina before 
the addition of hyaluronidase to the sperm 
suspension had no significant effect on the 
fertilization of rabbit ova in vive, Fioren 
tino and Caretta obtained inconclusive 
results from the addition of hyaluronidass 
to bull semen; 3 bulls showed slight in 
creases in fertility, while 1 bull 
a decrease. Johnston and Mixner 
no significant correlation between the fer 
tility of bull semen and its hyaluronidase 

Sallman and Birkeland pre 
evidence that high 
of hyaluronidase in semen were, in fact 
associated with decreased fertility 

Sull spermatozoa have been reported to 
live in follicular fluid for as long as 45 
hours However, follicular fluid from 
nonestrous cows caused agglutination and 
death of the spermatozoa. Kurzrok et al 
found that human follicular fluid would 
maintain human spermatozoa for a longer 
time and in greater activity than seminal 
plasma. Similarly, Perloff et al.*° found 
that all samples of human follicular fluid 
increased sperm motility. The addition of 
liquor folliculi to uterine mucus and semen 


insemination 


showed 
found 


content 


sented concentrations 


in vitro prolonged spermatozoan viability 
However, Brown* and 
ported that sperm motility was not notice 
ably affected by follicular fluid Lutwak 
Mann ‘* examined the effect of 
fluid on sperm fructolysis and concluded 
that there effect oth that 
due to the glucose content 


Ross ef al re 


follicular 


was no than 

The present study was made in an effort 
to determine the duration of motility and 
activity of 
vicovaginal mucus, uterine 
fluid, and follicular fluid 
chemical composition of thes 
ing published elsewhere 


metabolic spermatozoa in cel 
fluid 
Data on the 


fluids is be 


oy 


MATERIAI Meru 


Reproductive organs 


no 
t art a rtatior } tted ‘ 
+} on ther M att 
the | ». a ef 
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evele and from 18 cows at unknown stages. Cer 
vicovaginal mucus, uterine fluid, oviduet fluid, and 
fluid collected these 
diluents for bull semen. A 
used in the 
fluids. It 


samples of all 


follicular were from organs 


and used as hand 


operated clothes wringer was collee 


tion of uterine and oviduet was not 


always possible to collect four 


fluids 


ind, in the 


from the organs of each individual eow 


case of the cows slaughtered at un 
the respective samples 


from 


known stages of the cycle, 


were generally pooled used 
different bulls. 


Capillary 


semen Was 


about 1 diameter 
from 7.0-mm 
imount of the fluid 
this 


small 


pipettes mm, in 


were drawn glass tubing A small 


under study was drawn into 


the pipette; was followed by a small air 
bubble 
portion of 
1:4 or 1:4 
The large 


caving a eapillary tube 


and a amount of semen. The pro 


semen to diluent was approximately 


end of the removed, 
about 


would fit in the mechanical 


pipette Was 
3 inehes long which 
stage of a microseoyn 
Both ends of the capillary tube were plugged with 
vaseline The rate at which spermatozoa traveled 
in the test fluid was estimated by determining the 
distance traveled through the capillary tube in a 


length of time. The loaded capillary tubes 


given 


vere then placed in a incubator and exam 


ined periodically for motility of the 
The effect of 


reduc ng 


spermatozoa 
hyaluronidase on the 
ability of 


viability of 


testicular 


power, viseosity, and cervico 


vaginal mucus to maintain spermato 
zon was studied The hyaluronidase was dissolved 
in a 0.02 M phosphate buffer of pH 6.8 containing 
NaCl and 0,01 per 


The concentration of enzyme was about 150 


0.45 per cent cent bovine albu 


min 
turbidity-reducing milliliter. For via 
bility 


tonie by the 


units per 
solution was made iso 


NaCl, Total 
mixtures of 1.0 ml 


determinations, the 
addition of reducing 
determined for 
buffer or 
incubation for 
beta 


sugars were 


of mucus and 1.0 ml, of buffer-eontain 
after 


trials, 


ing hyaluronidase two hours 
it In 


ilso added to the hyaluronidase solution 


some glucuronidase was 


In other 
purified enzymes was re 


trials, the solution of 


placed by seminal plasma which had been dialyzed 
distilled 


V iseosity 


iguinat waiter and then against physio 


mad 
buf 
Disper 


logical saline determinations were 


on various dilutions of mucus with the above 


fer solution in an Ostwald viseosimeter 


sion was accomplished in a Waring blendor 
Oxygen uptake by spermatozoa in cervicovaginal 
fluid, follieular 
determined in a Warburg respiration 
Mucus fluid diluted 
physiological saline before use; uterine 
1:3 with 


mixed 


mucus, uterine fluid, oviduet and 
fluid 
apparatus 
1:9 with 
fluid 


ibove 


Wiis 


and oviduet were 


was diluted saline. Semen and the 
fluids 
placed in the 
lactic 
after 
bation in the 


proportion of 1:4 
flasks 
determined be 


were im i 


when Warburg Reducing 
and pH 


one-half 


apparatus, The 


acid, were 


three 
Warburg 


sugars, 


fore and and hours of ineu 


reducing 
with Somogyi’s 


Nelson's 


sugars were determined copper 


ecnrbonate- tartrate and irseno-molyb 
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date Lactie acid was determined by the method 


of Barker 


and Summerson 


RESULTS 


On the average, under relatively anaer 
obie conditions at 37 C., spermatozoa re 
mained motile about nine hours in cervico 


TABLE i—Viability of Spermatozoa in Genital 
Tract Fluids Under Anaerobic Conditions at 37 C. 


Fluid samples from 


Unknown 


* Stage 1 refers to cows 


postestrus and three da atri in or 


heat) 


near 


stage 2 refers to cows four and ten days 


postestrus; stage 3, betwee an 7 days postestrus 


uterine 
and 19 


hours in 
hours in oviduct fluid, 
follicular fluid. Though the de 
the experiment not suitable 
for segregating variance due to differences 
in individual 
analysis of variance showed the differences 
between fluids and the differences between 
stages of the within fluids to be 
highly significant. In general, spermato 
zoa lived longer in mucus and uterine fluid 
from than in the 
same fluids at other stages of the cycle 
However, limited data that via 
bility in oviduct fluid enhanced by 
fluids obtained at 11 to 17 days postestrus 
Stage of cycle appeared to have no effect 
on the ability of follicular fluid to main 
tain viable These 
summarized 
The rate at which 
trated the genital tract 
mined at 


vaginal 
fluid, 12 
hours in 


mucus, seven 


sign of was 


cows and in ejaculates, an 


evele 


coWs in or near estrus 
suggest 


was 


spermatozoa data are 
(table 


spermatozoa 
fluids 


pene 
was deter 
room temperature. In general, 
the spermatozoa progressed at the rate of 
about 3 to 4 mm. per minute in 
oviduct fluid and about 6 mm. per minute 
in uterine and follicular fluids. There ap 
peared to be little difference in the rate 
of travel in follicular fluid due 
the 


mucus and 


mucus or 


to stage of cycle Hlowever, rate ap 


peared to be markedly faster in uterine 


and oviduct fluids from cows near estrus 


Though these differences were statistically 
significant, difficulties in measure 


have considerable 


highly 


ment may introduced 
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error, especially in the case of cervico 
Vaginal mucus 

Oxygen uptake, reducing sugar utiliza 
tion, and lactic acid accumulation were de 
termined for two semen samples in¢éubated 
three and one-half hours at 37.5 C. in each 
of the four genital tract fluids which were 
collected and pooled from & cows slaugh 
tered at various unknown 
eyele. Control samples containing saline 
instead of semen were included so that 
corrections could be made when necessary 
for metabolie activity in the natural fluids 
in the absence of spermatozoa. These cor 
rections were generally small. Semen 
added to a saline diluent as a further con 
trol. This arrangement of controls made it 
check on reliability of the 
chemical analyses, since quantities of re 
ducing sugar or of lactie acid found in the 
mixtures of semen and natural fluid should 
be equal to the sum of the amount found 
in the semen alone and in the natural fluid 
There were some discrepancies in 
values, but the errors were both 
positive and negative in direction 

It was found that oxygen uptake by the 
spermatozoa was highest in follicular fluid 
followed by oviduct fluid, mucus, and uter 
ine fluid, respectively (fig. 1). It may be 
noteworthy that this is the same decreas 
ing order shown by these fluids in main 
taining the viability of spermatozoa 

It is apparent from data for these se 
men samples that the metabolic behavior 
of the sperm varied greatly in the dif 
ferent fluids (table 2). Glucose utilization 
was enhanced in the presence of follicular 
fluid and was reduced in uterine and ovi 
duct fluids. On the other hand, oxygen 


stages of the 


was 


possible to 


alone 
these 


FOLLICULAR 
FLUIO——~«, 


UTERINE FLUID 


25 30 535 


Fig. 1\—Average oxygen uptake by two semen sam 
ples in genital tract fluids pooled from 8 cows. 
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consumption was reduced by mucus and 
uterine fluid and was slightly 
by oviduet and follieular fluid 
sons for the differences in metabolic re 
understood at present 


future 


increased 
The rea 


sponse are not and 


should be considered in research 


TABLE 2—Average Glucose Utilization, Lactic 

Acid Production, and Oxygen Uptake by Sperma 

tozoa of Two Semen Samples in Genital Tract 
Fluids (3.5 Hours at 37.5 C.) 


Metabolites (micromoles 


Lactic acid 
accumulated 


(ilucone 


Diluent itilized 


Mucus 

Uterine fluid 
Oviduct fluid 
Follicular fluid 


Saline 


The pl of the fluids which contained 
semen, at the end of the 3.5-hour experi 
mental period in the Warburg flask, was 
follicular fluid, 7.1; uterine fluid, 6.2; ovi 
duct fluid, 6.1; and mueus, 5.3. In 
trast, the fluids containing saline instead 
of semen had pH values as follows after 
incubation: mucus, 9.6; follicular fluid 
93; oviduct fluid, 6.8; and uterine fluid 
6.6. Spermatozoa were nearly all dead in 
mueus and uterine fluid, but many were 
living in oviduct and follicular fluid. In 
general, motility was better in saline than 
in any of the natural fluids. The data in 
that lactic acid was not oxidized 
appreciably in mucus. It may be that oxy 
gen does not diffuse readily into mucous 
There may differences 
in the buffering capacity of the genital 
tract fluids. In live there may be 
compensating factors which would pre 
vent any marked accumulation of 
bolic products and pH changes 

In six of 13 experiments, it appeared 
that hyaluronidase increased the reducing 
sugars of mucus from about 6.85 mg. to 
about 14.76 mg. per 100 ml. In the other 
experiments, there was no appreciable 
The presence of beta 
dase, in addition to hyaluronidase, did 
not affect the results. The 
mucus with dialyzed seminal plasma did 
not affect the level of reducing 
during a period of two hours’ 
at 37C. Mueus diluted 1:1 with a 
M phosphate buffer of pH 6.5 and made 
isotonic with NaCl appeared to maintain 
viability of spermatozoa 
one-half hours longer than untreated mu 


dicate 


solutions also be 


COWS, 


meta 


change vlucuroni 


treatment of 


sugars 
incubation 


about one and 


iptake 
i i iv 
0.52 
0.54 
i 
1.74 l 4.24 
OuUCcT 
Ovi 
| af 
| saint 
=) | 
j 20} i 
} 
MUCUS 
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cus. The addition of hyaluronidase to the 
buffer and mucous mixture resulted in a 
further prolongation of spermatozoan vi 
ability (average, about 1 hour). These 
differences were small but statistically 
significant. The viscosity of mucus did not 
appear to be affected by with 
hyaluronidase 

Five additional experiments 
ducted in an effort to 
follicular fluid caused 
uptake by spermatozoa. In experi 
ments, oxygen uptake of spermatozoa was 
compared in saline, yolk citrate, and in 
follicular fluid. In 
take 


treatment 
were con 
determine how 
increased oxygen 


two 


each case, oxygen up 
follicular fluid fol 
saline and yolk citrate, respec 
view of the relatively low K 
follicular fluid, two ex 
conducted in which fol 
was diluted 1:1 with either 
NaCl or 1.14 per KC] 
before mixing with semen (1:4) in the 
Warburg flasks. There evidence 
that increasing the K concentration pre 
vented the stimulation of oxygen uptake 
by spermatozoa in follicular fluid. In an 
other experiment, follicular fluid was di 
alyzed against distilled water then 
against either saline or saline plus glucose 
(90 mg./100— ml Follicular fluid re 
tained its stimulating action regardless of 
whether it undialyzed or dialyzed 
against either saline or saline plus glu 
This indicates that the effeet on 
sperm metabolism is due to nondialyzable 
such as enzymes, but further 
experiments should be conducted before 
this conclusion is drawn with certainty 


Was greatest in 
lowed by 
tively, In 
concentration of 
periments were 
licular fluid 
per cent cent 


Was ho 


and 


was 
cose 
substances 


was fre 
tract 


Agglutination of spermatozoa 
quently noted in all of the genital 
fluids studied, but most frequently in fol 
licular fluid. No eyelie variation in the 
occurrence of agglutination was apparent, 
though it is that agglutination 
does not occur or occurs less frequently at 
In follicular fluid, 
agglutination of spermatozoa was observed 
to oceur within ten minutes at tem 
perature while, in other cases, it occurred 
only after three to four hours at 37 C. The 
spermatozoa aggregated in clusters of vary 


possible 
certain stages of estrus 


room 


ing numbers and thé tails remained motile 
There were always some free spermatozoa 
not involved in the agglutination. It was 
that 


capillary 


frequently noted agglutination was 


absent in the tubes near the 


AND N. LL 


VAN DEMARK 


junetion with though it 
tensive further away from the semen, This 
may have been due either to the gradual 
arrival of ‘‘fresh’’ spermatozoa or to the 
diffusion of an antiagglutinating factor 
which has been reported in seminal plas 
ma.’ In the uterine fluid and 
oviduct fluid, there was fre 
quently an adhesion between spermatozoa 
and cellular fragments in the female tract 
fluids. The significance of these aggluti 
nation phenomena is not known. Sperma 
tozoa have been found to contain antigens 
similar or identical to those of red blood 
Whether develop 
antibodies toward 
matozoa, 


semen, Was 


case of 


especially 


cells,” cows gradually 
antigens of sper 


their 


those 


which are foreign to own 


cellular antigens, during repeated insemi 


nations Is also unknown 
this agglutination 


As a speculation, 
might be a means of 
preventing the occurrence of a 
naney in which the would 
genetic antigens those of the 
dam. Evidence of the occurrence of **in 
trauterine 


preg 
fetus POSSESS 
foreign to 
women has been 
reported.*° Another speculation is that 
this agglutination 
volved in the 


selection’”’ in 


might be in 


Occurring 


process 
normally union 


of ova and spermatozoa 


SUMMARY 


Reproductive organs were obtained from 
16 cows slaughtered at known 
the estrous cycle and from 18 
unknown Cervicovaginal mucus, 
uterine fluid, oviduct fluid, and follicular 
fluid were collected from these organs and 
as diluents for bull 
average, under relatively anaerobie condi 
37 C., 
tile about nine hours in mucus, seven hours 
in uterine fluid, fluid, 
and 19 hours in gen 
eral, 


stages of 
Cows at 


stages 


used semen. the 


tions at spermatozoa remained mo 
12 hours in oviduet 
follicular fluid. In 
spermatozoa lived longer in mueus 
uterine fluid 

than in the 


evele 


and from cows in or 

fluids at 
uptake by 
spermatozoa was highest in follicular fluid 
followed by oviduct fluid, mucus, and uter 
This is the 


decreasing order shown by 


near 


estrus same other 


stages eof the Oxygen 


ine fluid, respectively same 
these fluids in 
maintaining the viability of 
Agglutination of spermatozoa 
quently observed in all of the genital tract 
fluids studied but 
follicular fluid 
respect Was apparent 


spermatozoa 
was fre 
frequent in 


was most 


No eyclie variation in this 


Aw 
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Weight Gain in Phenothiazine-Treated Calves 


GEO. E. CAUTHEN, D.V.M. 


Angleton, Texas 


Iv is generally agreed that most of the eco ul »D Mernop 

nomic loss caused by the gastrointestinal Hereford, Brahman, aud mixed Brahman-Here 
parasites of cattle occurs in animals un ford ealves were used and the tests were cor 
der 2 years of age. Investigations in the ducted at the Texas Substation at Angleton and 


Coastal Prairie area of Texas have indi at five farms in the area, The one experiment at 
cated that the majority of the 6-month-old = the Station and the nine on the five farms « 

heef calves have 4 worm eggs per gram of tended over a period of seven youre Some of the 
feces count of 100 te 300. Thig four groupe 


culves three f hich ere treated it different 
indicates a light to moderate subclinical Sores 


f f R , : times in relation to time of weaning. In general, 
degree oF infection eports of treating calves were weaned when 7 to 8 months old 
moderate to heavy subclinical infections The phe nothiazine used Was green NF grade 


in yearling and 2-year-old cattle show in made into a drench, using bentonite as a wetting 


creased weight gain in treated animals igent. Only one dose, varying from 60 to 
compared to the controls. Turk ef al., 


treating lightly infected, unweaned beef 


ton 
wis given to each ealf 

For reporting the results, the calves were 
allotted to two large groups: calve with he 
calves with 12.5 Gm. of phenothiazine per add these With teoderate 


100 Ib. of live weight every ?1 days dur parasitism alves with moderate subclinical 


TABLE 1—Heavy Subclinical Parasitism in Hereford Calves (Farm 1) Given Preweaning 
Treatment with Test Terminated After Weaning (1950) 


ing the last three to three and one-half tion wer 
months before weaning, reported that the ent, test terminated 
rate of gain of the controls was equal to 
that of treated calves 
The general practice ino much of the 
Coastal Prairie area of Texas is to sell 
calves at weaning. Any progra that The e.p.g. counts are given as a means 
would reduce the worm population in un of aiding in determining the degree of 
weaned calves might result in a heavier parasitism. Counts less than 100 are co) 
calf at the time of weaning or increased sidered to indicate light subelinical para 
weight gain during the early postweaning © sitism, 150 to 400 counts are moderate sub 
period ¢linical, and 600 to 1,000 counts are heavy 
subclinical parasitism for calves in this 
area 
published with ‘pproval of the director o Hleav y Nubeclinecal Parasitism The 


Avricultural } sent Station olle 
calves of this experiment (table 1) showed 
suthor ratefully acknowledged the cooperation ‘ 

signs Of clinical parasitism before termina 


Hutching Farm, Sugarland Industrie and the 
tion of the test The treated groups 


Prison Syatem in pre ‘ ig the experimental site 


gained an average of 22 Ib.: the controls 


lost 11 Ib 


vestock necessar e duc f «a part 


l'reat nt 
Vhenot Teast 

Wr azine Relation te period ( 

alve (ib (im vyeanin da 

14 40) Oto 07 

41 1 to nw ; ; 

16 ‘Oto 4 7 14 

Ke 0 to 50* Bw 

Older alwe ' ined od ifter treatment ‘ ‘ alve t t t 
hefor 
. 
of 
le ‘ 
nd of 
these tests 
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TABLE 2—Moderate Subclinical Parasitism in Calves Given Preweaning Treatment with Test 
Terminated at Weaning 


rreatment 
VPhenothi 
Wr azine Relation to ermination 


Ib (im weaning of teat 


HEREFORD CALVES EXPERIMENT STATION 
2 0 60 da. BW eaning 


da. BW eaning 


4 
caning 


246 aning 


FARM 
47 60 


4 
74 


eaning 


eanin 


Voderate Subclinical Parasitism In age gain of the treated calves in all eight 
comparing the preweaning weights (table tests was 5 lb. more than that of the con 
2), control calves gained an average of 2 trols. Calves treated at time of weaning 
lb. more than those treated. In the experi table 4) gained less than controls in three 
ments of preweaning treatment for post out of four tests. The controls averaged 4 
weaning gain (table 3), the treated calves lb. more than the treated calves. Of five 
gained more favorably than the control postweaning experiments (table 5), treated 


calves in six of the eight tests. The aver calves of four gained less than untreated 


TABLE 3—Moderate Subclinical Parasitism in Calves Given Preweaning Treatment with Test 
Terminated After Weaning 


eatment 


intreated 


} 
nbers 


J 1 
J. Wier. Ke 609 
1957 
Ny Gait 
46 176 
i6 14 
‘ 102 
1952 Hikreror 
60 \t weanir in i 
6 la. At eaning 
52 
! t — a6 
144 4 
i144 ‘ 
| 
— 
Vhenotl Test 
Wr azine ition t« i (ialt 
(ir unis la 
one Fab 
OO da. t 110 ” 
a4 6 ia. 110 if 
60 RW and AW 110 ‘1 
i* i nd ‘ 4 
J “THEI FARM 4 
6 al 14 4 
i4 
14 
i ta 
154 ; J 
149 60 29 
Served ax treated group in test (table 2) of treating 6 la efore weaning Served as || 
ontre ! oncurrent test invo ng t stments at various time tion t time eanir 
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TABLE 4—Moderate Subclinical Parasitism in Calves Treated at Time of Weaning 


Treatment 


406 
40% 


4 


Hinivens 


The 


in the controls than in the 


1 Ib 
treated 
(table 6) of 
that 
reduced the worm population even when 


calves average gall was more 


records Station 


table 2 


Necropsy 


calves indicate treatment 


necropsy was delayed 60 days after treat 


ment. The average number of worms per 


calf, of species other than Cooperia, found 


in the treated calves was 61; in the 


trols, it 


Con 
was 211. The average number of 
Cooperia found in the treated calves was 
in the 


coutrols, it was 6.097 


TABLE 5 


DiscuUssto 


In the 


the yearlings and 


reports of previous workers 


-vear-old cattle, with a 
moderate subclinical degree ot 
treated 
than the untreated controls 


tle should 


treatment 


parasitisn 


with phenothiazine gained more 


Younger cat 


respond equally as well to 


However, in the experiments 


calves with moderate sub 


treated 


reported here, 


clinical parasitism with phenoth 


azine gained less than controls in three 


out of four group experiments 


Moderate Subclinical Parasitism in Calves Given Postweaning Treatment 
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TABLE 6—Necropsy Records of Experiment 


Phenotl 


azine Haemon 


hus 


The obtain greater weight 
Multi 
one of several 
thiazine (N.F grade 
to the extent of canceling any benefits, so 
that the weight gain of the treated was at 
the same level as that of the controls. (2 
The the calves to the worm 
parasites may have been equal to the ad 
verse effect of the the calves, 
resulting in an equilibrium of the host 
from 
have 
above 


failure to 
the treated calves may be due to 
factors 1) The 
have been toxic 


pheno 


may 


resistance of 


wortis On 


parasite relationship and no benefit 


worms It may 


the 


removal of the 


due to a combination of 


been 
factors 

SUMMARY 
experiments, over a 
period, Hereford. 
Hereford-Brahman calves 


In ten 
year 


separate 
Brahman, 


707 


mixed 
578 


and 


treated, controls) were given single 


doses of phenothiazine (60 to 96 


various times from 68 days before to 90 


(im ut 


days after weaning 


PHENOTIIIAZINE-TREATED ¢ 


ALVES 


Station Calves 60 Days After Treatment 


caly es 
parasitism, the 


of 22 


In the one experiment involving 


with heavy subelinical 
treated 
Ib.: controls lost 11 Ib 


In only one out of four groups of calves 


calves gained an average 


WAS 
the 
the 


ss than 


subclinical 


moderate parasitism 


with 
there a wreater weight gain (5 Ib.) in 


The 


other three groups averaged 


ealves in 


le 


treated calves treated 


the controls 
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Low Level Phenothiazine Administration to 
Weaned Beef Calves 


GEORGE E. CAUTHEN, D.V.M. 


Angleton, Texas 


THE FREE-CHOICE administration of pheno 
thiazine in a mineral mixture 
has, in general, been successful in control 


salt and 
ling the gastrointestinal parasites of sheep 
1953, literature 
dealing with a similar procedure in cattle 
and stated that the employment of 5 to 10 
per cent of phenothiazine in salt or mixed 
minerals had worked efficiently in 
instances but had failed in others. Dennis 
et al., in 1955, reviewed the literature deal 
ing with low level administration of pheno 
thiazine to cattle by and 
feed 

Herlich and Porter 
choice administration of a phenothiazine 
mineral mixture to Jersey calves effectively 
controlled the level of parasitic 
of Haemonchus and Oesophagostomum but 


Koster,’ in reviewed the 


some 


mineral 


way of 


reported that free 


infection 


significant effect on Ostertagia, 
Nemato 


increased 


showed 


Trichostrongylus, Cooperia, and 


Riedel eft al. 
reduced 
dairy calves when given low levels of phe 
nothiazine in the feed. Shelton ef al., 
using dairy reported that 
with a moderate degree of infection given 
phenothiazine in their feed daily 
slightly better than calves not re 
ceiving phenothiazine. The amount of para 
sitism acquired by susceptible young calves 


dirus 
weight 


reported 


gains and parasitism in 


calves, calves 
made 


on pasture was considerably less when all 
older animals on that recely 
ing low level phenothiazine in the feed 
The studies reported here were under 
taken to further evaluate the effect of low 
level phenothiazine when administered to 


pasture were 


weaned beef calves 


MATERIAI Mernop 


different 


The first two experiments 


Calyve from three 


were eondueted 1 the 
calves The las two 
tisitig 
Brahman) and 


Brahman 
conducted at the 
Station calves (% Hereford and 4 


sime farm using 


experiments were 


Angleton Technical article 
approval of the director of the 
Experiment Station, Col Station 


acknowledge th 


From Texas Substation 
2482, published with the 
Texas Agricultural 

The authors gratefully 
of the 
tle, and aid in handling of the cattle at the 


State 


cooperation 


Texas Prison System in providing pastures, cat 


Darrington 


Farm 


grade Hereford calve fron ' n the 


The ple nothiazine used was 
Experiment 1 (1950) Approximately 60 days 
after the 


old), they 


calves were weaned (when to & months 


were given 90 Gm. of phenothiazine and 


Those 


given an average of 1 th. of a 


illotted to two groups in om med 


cated 


group 
were 


ture of 92.0 per cent cottonseed mea 


(salt and bone meal ind 0.25 per cent 


provided 


mineral 


phenothiazine mixed with sorghun 


silage and ipproximatel 1 tim. of 


per animal pet lu The second 


phenothiazine 
group 
phenothiazine 


coutrols received the s ition without 
Kaxperiment 

experiment | exeept 

Gm. of phenothiazine 

the medicated enlyve 

of phenothiazine dail 
Karperiment 

wenned when 6 4 or or age ind 


ately allotted to two ‘ These calves 


were 
not given an initial phenothiazine The 
ratio The 


pheno 


medicated pheno 


thiazine daily i 


controls received without 
thinzine 
Experiment 
to experiment 
weaned at 7 to 
All calves itt 
eggs pel 


ere made at va 


wort 


times 


RESULTS 


The results of the weight 
counts for the four 
(table J 

In experiments land 2, an initial dose of 
In the 
first experiment, there was no difference in 
the weight gain of the 40 calves receiving 
1 Gm. of phenothiazine daily for 122 days 
and the 41 
experiment, the & calves receiving 2 Gm 
of phenothiazine daily uverage 
of 20 Ib than the & calves 
during the 157-day test period 

In experiments initial 
of phenothiazine was given. The 
of the third experiment received 2 Gm. of 
phenothiazine daily and gained an average 
of 60 Ib than the 6 


expe riments are given 


90 Gm. of phenothiazine was given 


control calves. In the second 


gained an 
more control 
4 and 4, no dose 
5 calves 


more control calves 


‘ 
| 
r 
vere 
hed and 
eounts 
» 


PHENOTHIAZINE TREATMENT OF WEANED CALVES 


—Weight Gains and Fecal Worm Egg (e.p.g.) Counts of Control Calves and Calves 
Receiving 1 and 2 Gm. of Phenothiazine Daily 


sm. of Worm eggs per gram of feces 
phenothi Dura 
No. of Age azine tion Wt. at be i Max No Av 
calves mo daily da ginning counts eps 
EXPERIMEN BRAHMAN CALVE 

41 

410 
I.XPERIMEN 


EXPERIMEN HEREFORD CALVE 
to 7 0 
to 2 


Hererorp BrRany 
to 0 


during the 179-day test period ln the well but had a 26 per cent greater fecal 
fourth experiment, the 4 calves which re worm egg count than 41 similar calves 
ceived 2 Gm. of phenothiazine daily gained = which received 1 Gm. of phenothiazine in 
an average of 25 lb., whereas the 4 controls their feed for 122 days 
lost an average of 15 |b. during the 88-day In 1951 and 1952, in three trials, 18 un 
test treated weaned calves with moderate ot 

The e.p.g. counts of the calves of experi moderate to heavy parasitism gained 25 to 
ments 1, 2, and 4 indicated a moderate 60 Ib. less and had 44 to 125 per cent 
subclinical degree of parasitism; of experi higher fecal worm egg counts than 17 
ment 3, a moderate to heavy subclinical calves which were fed 2 Gm. of phenoth 
infection azine daily for 88 to 179 days 

The effect of low level phenothiazine 
administration on the e.p.g. count and the 
average e.p.g. count not including the 
first which was made at the beginning of 


References 


the test) are also shown. The average 
e.p.g. counts of the control calves were 26, 
$4, 125, and 56 per cent more than those 


of the respective medicated groups 


SUMMARY 


In 1950, 40 untreated weaned calves with 
moderate subclinical parasitism gained as 
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Elementary Bodies of Sheep Pox 


M. ABDUSSALAM, Ph.D., L.V.P.* 


College Park, Maryland 


ELEMENTARY BODIES of sheep pox virus lary pipette and the films dried Some prepara 


tions were shadowed with gold Williams and 
W vekoff, 1946)" at are tangent 2/10 and examined 
under the RCA electron microscope, type E.M.1 
° ° Most of the electron micrographs were taken at 
have been studied either with recent meth 1 magnifieation of 18,000 oa pap subsequently 
ods of staining or with the eleetron mi enlarged to 40,000 for measurement and study. 


were among the first to be seen with the 
ordinary light microscope (Borrel, 1903) 
but their morphology does not appear to 


CPOBCO pe We have studied a Pakistani Some of the remaining suspension was smeared 
strain of the virus by these methods and — and stained by Pasehen’s method, It showed nu 
found it to be morphologically allied to, merous elementary bodies indistinguishable from 
but smaller than, the virus of contagious — those seen in smears from sheep pox lesions 
ecthyma (orf 

STAINING CHARACTERS 


MATERIAL AND METHODS 
Sheep pox elementary bodies in purified 


The strain of the ge studied was isolated in suspension stained well with Paschen’s, 
1952 at Lahore, West Pakistan, from a fat-tailed Gutstein ’s 1937 : methyl violet ). and 
Morosow's (1926 methods after fixation 

with methyl alcohol for two minutes 
Staining with the first two methods was 


sheep suffering from the generalized form of the 
natural disease. Sinee then, it has been maintained 
in lambs by skin-to-skin passage, often interrupted 
with storage in the refrigerator (0 to 5¢ Im 
munologieal and cross-protection studies of this less intense, often weak, if fixation was 
train against an Algerian strain of sheep pox omitted. Only weak staining was obtained 
virus + showed that the two viruses are identical with Gicuea. ery stal violet 1%). Herz 


momentary bodies were from exper berg’s Victoria blue, and earbol fuchsin 


mental skin lesions in lambs by differential een on ; 
They did not stain with methylene blue, 


trifugation as is done for vaccinia and contagious 
ecthyma (Parker and Rivers, 1935; Abdussalam dilute carbol fuchsin, or eosin 
and Cosslett, 1957),' Distilled water, instead of 
buffer solution, was used for washing and storing 
the virus, The final suspension was comparable in 
opacity with Brown’s tube No. 5 and was infee 
tive for lambs by intradermal inoeulation in a 
dilution of 1: 32,000 

For staining, smears of the foregoing suspen 
sion as well as of skin lesions were used. The 
skin smears were dried in the air and kept undis 
turbed on edge in distilled water for five to ten 
minutes, They were then dried again and fixed 
for two minutes in methyl aleohol before staining 

For electron mierography, the concentrated ele 
mentary body suspension was fixed and inactivated 
by adding five per eent formalin, Some of the fixed 
virus Was spun down in an angle centrifuge and 
resuspended in distilled water immediately befor 
study. The suspensions were diluted in volumes of 
‘listilled water and placed on paralodion film sup 
ports which had been prepared on the previous 
lis The excess fluid was removed with a capil 


* 
The section on electron micrograph as written in 
K College Park 


collaboration with Reginald agan 
Md. Dr pronent adaress Fig. 1—Elementary bodies of sheep pox in smear 
Anima! Husbandry, Lahore, Pakistan of early vesicular lesion on skin of lamb. Paschen’s 
The author thanks Drs Byrne, College Park 

Md., and G. R. Spencer, Pullman, Wash,, for facilities J stain. x 1,200. 

Fig. 2—Agglutinated and dispersed elementary 
{ from Dr. Rafiyi of Hessarek bodies in old suspension of sheep pox virus. Pasch- 

en’s stain. x 1,000. 


snd interest in this work 


This virus was obtaine 


| 
old 


ELEMENTARY 


Fig. 3 to 6—Micrographs of gold-shadowed smear 
of sheep pox elementary bodies. x 40,000. 


In smears of skin lesions before pustula 
tion, numerous elementary bodies could be 
method 
With Gutstein’s method 


afte 
fig. 1,2 


aus well as 


seen staining by Paschen’s 


short procedure ), the virus 


stained less intensely than in smears of 


purified suspension. In tissue smears 


method, nonviral 


with the 


stained with Morosow’s 


material interfered identification 


of elementary bodies 


In Paschen-stained smears, the elemen 


tary bodies appeared as bright red, small 
round bodies disposed singly, in 


Thick 


were dark red and somewhat 


pairs, 


small chains, or clusters clusters 


homogenous 
bodies could not 


outlines of individual 


be distinguished 


Of 


SHEEP Pox 


ELECTRON MICROGRAPHS 


In micrographs of gold shadowed prepa 
rations (fig. 3 to 6), most of the elementary 
bodies appeared as small rods with rounded 
Some of tended to be brick 
shaped with rounded edges and ends. They 
dried with a greater degree of collapse on 
the paralodion film than the 
bodies of contagious ovine ecthyma virus 

Abdussalam and Cosslett, 1957 
though fixation in formalin must hav 


hardened them to extent. Closely 


ends them 


elementary 
evel 


soOTne 


placed elementary bodies connected 


by strands, which indicates that they must 


were 


have a tenacious surface layer 

The surface of many elementary bod 
central 
elongated and disposed in a direction pat 
allel to the long axis in some of them, Th: 
surface of 
cially 
tegrating, 
berances but they 
regular pattern as in the rabbit papilloma 
Williams, 1953 Small 
probably from the 


showed a depression which wa 


many elementary bodies, 
that 


show ed 


those appeared to be disit 


small nodular protu 


were not disposed in a 


virus round 


ish particles, derived 


virus, were seen near disintegrating ele 


mentary bodies fig. 3. 5, 6 
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TABLE 1—Comparison of Dimensions of Sheep Pox Virus with Related Viruses (All Meas- 
urements in Millimicrons) 


of 
elementar 
bodies 


Viru measured 


Molluscum contagiosum 150 
hLetrometia 90 
Kabbit myxoma 
Fow|lpox 100 
(anary pox 


vaccinia 


Micrographs of unshadowed elementary 
bodies (fig. 7, 8) revealed some evidence of 
internal structure. Many of them showed 
two dense areas of higher electron-absorb 
ing power in the subpolar regions, one of 
which was frequently more prominent than 
the other. The dense spot seen in the center 
of vaccinia, fowlpox, and rabbit myxoma 
viruses was not present. Indeed, some of 
the elementary bodies showed a less dense 
and clearer center 

Dimensions The elementary bodies 
measured 150 to 250 my in length, with an 
16.08 mp. They were 88 
the mean breadth being 
The axial ratio (length 
varied between 1.3 and 2.71 


0.176 


average of 194 
to 138 my 
+ 10.73 mp 
breadth ) 


an average of 1.76 4 


broad, 


with 


sSreadth 


Mean dimensions 


Axial ratio 
Q a/b 


f Ruska and Kau e (1948 


1.3 Ruska and Kauach 1943 

1.2 tuska and Kausche (1943 

1.22 Boswell (1948 

5.362 Ruska and Kauache (1943 

1 Ruska and Kausche (1943 

l Blakemore and Abdussalam 
1956 

Abdussalam & Cosslett (1957 


DISCUSSION 


In its staining chardcters, the sheep pox 
virus resembles other animal pox viruses, 
particularly that of contagious ecthyma 
In this study, best staining was obtained 
with 
for quick laboratory diagnosis of the dis 
This method differentiate 
pox from ecthyma or 


vaccinia and can not be applied after sup 


Paschen’s method which can be used 


ease does not 
sheep contagious 


puration has set in, but in spite of these 
limitations it can be a valuable aid in clini 
cal as well as experimental work 

In its morphology, as revealed by the 
pox virus re 


electron sheep 


sembles other animal pox viruses in several 


microscope, 


it is more elongated in 
structure 


respects ; however 


shape. In shape and internal 


Fig. 7 and 8—Unshadowed smears of sheep pox elementary bodies. x 40,000 


1957 
Lengt 
1 b Reference 
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ELEMENTARY 


it resembles the virus 
of contagious ecthyma but differs from it 
in being smaller in size and slightly longer. 


subpolar densities 


It also dries with a greater degree of col 
Its dimensions are 
related 
will be seen that it 

from other members of the 


lapse on a flat surface 


compared with those of viruses 


table 1 It 


guishable 


is distin- 
pox 
group 

The dimensions of the elementary bodies 
from the electron micrographs 
smaller than those of the in 
fective particles ascertained from filtration 
Levaditi, Bridré, and Krass 
calculated the approximate 
virulent 170 to 260 
mp and that of a less virulent strain to be 
250 to 380 mp. It is noteworthy that their 


measured 


are somewhat 


experiments 
noff 1938 


size of a strain to be 


virulent strain resembled the conta 


less 


gious ecthyma virus In size 


SUMMARY 


Elementary bodies of the sheep pox 


differential cen 


skin 


virus were isolated by 


trifugation from early lesions of 


lambs and studied for staining characters 


and morphology 


Paschen’s method was found to be the 


best for staining purified elementary bod 


well as smears of skin lesions 


“us 
Other methods found suecessful for stain 
virus, but not as satisfactory as 


method, 


ing the 


Paschen’s were Morosow s and 


Gutstein s 


In electron micrographs, the virus was 


found to resemble other pox VITUSeS but 


BopIESsS OF 


Pox 617 


and elongated. It ap 
peared to have subpolar densities like the 
central 


was smaller more 
virus of contagious ecthyma No 
dense spot could be demonstrated 
Average length, 194 
16.08 Iw: 10.73 
1.76 


dimensions were 
breadth, 115 
and axial length /breadth 
0.176 


ratio 
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The Cultivation of Sheep Pox Virus on the Chorioallantoic 
Membrane of the Developing Chicken Embryo 


M. S. SABBAN, D.V.M., M.V.Sc., Ph.D. 


Alexandria, Egypt 


Sitter vox is widely spread among sheep in 
most countries of the Eastern Hemisphere ; 
therefore, the production of virus 


from a cheap host for the preparation of 


seed 
the vaccine is of great value 

Hutyra and Marek? in their deseription 
of the different methods for the large-scale 
production of sheep pox lymph mentioned 
that the sheep was the animal used for such 
production, In all of the methods de 
different workers for the 
preparation of different types of sheep pox 


scribed by 
vaccine, the sheep was the animal used for 
the production of seed virus 

Rao,” in his 


virus on. the 


study on the cultivation of 


sheep chorioallantoic 


pox 
membrane (aon of the chicken embryo 
recorded that after a few egg passages the 
virus was partially converted into vaccinia 
as it succeeded in infecting the rab 
with 


virus 
bit and calf and in cross-immunizing 
Blaxall mentioned 
could be 


the vaccinia virus 
that 
into vaccinia by passage through the goat, 
calf Findlay stated that 


before claims of conversions of sheep pox 


sheep pox Virtus converted 


and rabbit 
more 
controlled exper! 
Gins and Ku 
vaccinia virus pro 
sheep natural pox 
In their trials to cultivate the sheep 
pox the devel 
oping chicken embryo, they recorded that 
the cultured 
against the natural sheep pox virus 
nett ef al demonstrated that sheep pre 
viously infected with vaecinia virus were 
fully susceptible to sheep pox virus, Ortenzi 
and Tibcco '* stated that their attempts to 
cultivate sheep pox virus on the e.a.m. of 


virus into vaccinia can be accepted 


extensive and carefully 
evidence is needed 
that 


against 


mental 


nert recorded 


tected sheep 
Virus 
virus on the membrane of 
virus failed to protect sheep 
Ben 


Y-day chicken embryos were unsuccessful ; 
however, during the first there 
was an initial though transitory multiphi 
cation of elementary bodies. Chamsy,'® in 
Iran, mentioned that trials to cultivate the 
sheep pox virus on the ¢.a.m. were not sue 
work that follows, a trial 


passage 


cessful. In the 


From the High Institute of Public Health Hadra, A 


exandria, Egypt 


was made to cultivate the sheep pox virus 


on the ¢.a.m. of chicken 


embryo 


the developing 


MATPRIAI 


Technigq St ‘ ‘ yypt ee] 


pox Viruses were secures 0 widely separated 


outbreaks in Eg tried on young 


susceptible lamb ‘ oun » give typical le 


sions. One of the found to be viru 
lent and was eal S’’ strain Phe 
Romanian strain of cultivation 


in the egg and f mmunity, Stock 


desiccated under prepared from the 
Romanian strain 


imbes, they 


Cairo 
After 


stored 


were 
it ; The sheep ed in this work were 
from the Breeding rimental Farms belonging 
to the Minists ot rriculture Lambs, 
months old ths 0 ato oft 
heep pox 
Fertile hens’ eggs we ought 


experimenta poult res far wel 


previous 
posure to 
used from 
aay gus were 

window method us 
the membrane and covering 


window The technique titrating 


infected mater on heep een dese 
EXPERIMENTAL Rj 


Alternating Passage of the Sheep Po 
Between Shee p Chicken Em 
Nakamura Mivamoto,'® in 


Virus and 


bryos and 


Japan, were successful in adapting a la 
pinized rinderpest virus for eggs by alten 
nating passages between rabbits and eggs 
Since direct serial passage of our sheep pox 
virus on the ¢.a.m 
tremely difficult 

this virus in embryonating eggs and sheep 
were attempted (table 1] This procedure 
with the Cairo S 


10 per cent 


of eggs seems to be ex 


passages al 


alternating 


Strain otf 


was initiated 
Egyptian sheep pox virus. A 
infected 
inoculated on the ¢.a.m. of 12-day eggs 
2 ml. After four days of 
incubation at 36C., the injected 
branes were collected from all viable em 
bryos and ground with saline to 
make a 10 per cent suspension. From this 
dilution, tenfold dilutions up to 10° were 


suspension of sheep fascia was 


each receiving 0 


mem 


sterile 


S18 


a 
AND Mes {OD 
the 
= 
the 
the 
. 
| 
‘ 
4 


( ULTIVATION OF 


SHEEP 


Pox Virus 


32 307 


Sheep No. 
Serial passage 


Sheep No. 
Titration 
Titer 


of c.a.m, 


Sheep No. 


Serial passage cont. 


Sheep No. $586 
Titration of ¢. a.m, 


Titer 


o 
No virus was found in the c. a.m, 
--egg; numeral 


--sheep infected; numeral 
--sheep not infected, 


represents number of egg 
represents number 


1p 


24! 299 294 295 Le 


1078 20% 4 o 


1073 1072 o° 


143 19 337 10 53 = 


io4 io! 102 O 10° 5 10°3 207, 
Dassage. 
of sheep passage. 


fTABLE 1—Alternating iced of the Sheep Pox Virus Between ue and Chicken Embryos 


prepared, Each dilution inoculated 
1.0 ml. intradermally in three 
side of the belly of 1 sheep. In 


sheep, the 10 per cent suspension was inoc 


Was 
areas, on the 


another 


ulated subcutaneously in different areas on 
the side of the belly. The first sheep was 
used for titrating the ¢.a.m. and the 
was used for the transference of the virus 
The Egyptian Cairo S strain of sheep 
Pox was successfully 
the ¢.a.m. using the 
21 passages. The 


second 


virus transferred on 
alternating method for 
original virus when ti 
trated on sheep 312 reached 10° When 
the virus was inoculated in eggs, the 
alternating egg 


first 


passage showed a marked 


Fig. 1—Sheep 75 show- 
ing generalized pox le 
sions. This sheep was 
inoculated with the 
twenty-first alternating 
passage or the third di- 
rect chorioallantoic mem- 
brane passage of the 
Cairo S Egyptian sheep 
pox virus 


titel 


Virtus 


drop in its amount as the 
10 in sheep 31] The 

gradually in the 
passage and reached a titer of 10°* in sheep 
310. In the third 
the amount of 


Was 
increased 
second alternating egg 
alternating egy 
virus in the 


membrane Was 
equal to that of the original sheep virus as 
the titer in sheep 201, When the 
third virus 
inoculated in 


was 10° 


alternating passage Wis 
another 


amount of virus dropped to a great extent 


group of eggs, the 
as it showed a positive reaction in sheep 24] 
at a dilution of 20 per cent, The 
successfully cultivated on the 

three 


virus was 
for 
direct collected 


passages, The ¢.a.m 


| 
31 310 201 15 
212 219 2\4 57 
203 16 
2 10 


§20 M 


from the egg passages 7, 9, 11, and 15 when 
sheep 295. 15 and 53. 


did 


reactions 


inoculated in 
respectively, not cause 
skin When these 
challenged with a known virus 
showed typical febrile and skin reactions 
This indicated that 
these membrane passages 


any 
were 


shee 


they all 


no virus had grown in 
It has also been 
observed that by such egg passage the virus 
did viru 
lence toward sheep, as the third direct egg 
infection in 


not show any marked change In 


caused generalized 


passage 
sheep 75 (fig. 1 

Krom these results, it could be 
that the sheep pox virus was successfully 
amount 


Cor eluded 


cultivated in the egg and that the 


of virus obtained from the ¢.a.m. In some 


passages was nearly equal to that obtained 


TABLE 2—Rate of Propagation of Sheep Pox 
Virus on the Chorioallantoic Membrane (c.a.m.) 
of the Developing Chicken Embryo 


Results 


Area Area Area 
] 


febrile or 
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TABLE 3—Distribution of Sheep Pox Virus in 
the Developing Chicken Embryo 


the 
could be used aS 


from sheep and, therefore, the egg 
a cheap host for the pro 
duction of the seed virus for the prepara 
tion of the vaccine 

Studies on the Cultivation of Sheep Por 
Virus on the Chorioallantoic Membrane of 
the Developing Chicken Embryo In the 
previous experiments on the cultivation of 
the virus on the e the chicken 
bryos, 12-day eggs that were incubated for 
four days after inoculation at 36 ¢ 
To determine the opti 
best 


a.m. of em 
were 
chosen arbitrarily 
mal day of transfer, the 

the suitable temperature, 
egg in which the maximal 


age of 
the part of 
concentra 


and 
viral 
tion is present, the following 
were carried out 

Rate of Propagation of the Virus on the 
Chorioallantoic Membrane.—One hundred 
and twenty incubated for 12 days 
prior to inoculation, were injected on the 
¢.a.m. with a 10 per cent suspension of 
fascia infected with the sixth 
nating passage of the Egyptian sheep 
Each day, 20 from liv 
ing embryos were harvested beginning with 


experiments 


egos 


sheep alter 
pox 
virus membranes 
the first day after inoculation and ending 
with the sixth 
were 


Immediately after removal. 
from the 


table 


suspensions made mem 


branes and titrated in sheep 


Part of 
hicker Shee 
. 
Chorio i] ‘ 
sllantol 
men 
brat 
11% 
fluid 
Da of 
bation 
jlation Ne f Titer tive r ‘ 
1168 
1:1 
1:1 
Siz 
1°100.00 
) 
10-* 
1.106 
] 
( 
71 
1:1,06 
771 10-° 
1:100 
1:1,0 
1: if ) 
1: 100,006 
1 Loo 
957 l 
1:10 
1:1,006 
1:10.000 
1: 100,008 
1.000.000 
72 1:5 ] 
1:10 
1:1,0 
1:10,0¢ 
1:1,000,00 
( tive ‘ reactior negative local reac 


CULTIVATION OF SHEEP Pox Virus 


After 24 hours of incubation, there was 
growth of the titer 
reached 10 48 hours, the amount 
of virus reached its peak and the titer 
reached 10° *. After three and four days of 
incubation, the virus in the membrane re 
mained high as the titer reached 10° 
After five days, the titer of virus started 
to drop and reached 10 
of incubation, the virus dropped more and 
reached 10 Krom the results of this ex 
periment, it could be seen that the optimal 
day of transfer of infected e 
between the second and the fourth day of 


virus in the ¢.a.m. as 


After 


and, after six days 


a.m. occurs 
incubation 
Distribution of the 


A group oft i eggs 


Virus in the Egg 
that 
for 12 days prior to inoculation, were in 
with a 10 per 
fascia infected with the sixth sheep alter 


were incubated 


jected cent suspension of 
nating passage of the Egyptian sheep pox 


They 


Krom 


virus incubated for four davs 
at 56 ¢ 
fluids, yolk sacs, embryos, and ¢.a.m 
and, with the 


washed in three changes 


were 
these eggs, chorioallantoic 
were 
obtained separately 
tion of the fluids, 
of saline, titrated, and 40 per cent suspen 


excep 


sions were made from the yolk saes and 
from the embryos and 20 per cent from 
the membranes 
dilutions were prepared from each suspen 
The part 
oculated in J] sheep 

The ¢.a.m 
of virus as the titer reached 10°, 
the yolk membrane which 
titer of 10°*, and the least amount of virus 
was found in the embryo and fluids as the 
titers reached only 10” 

The Effect of Age of Embryo on 
Multiplication of Sheep Pox Virus 
were allotted to four groups 
of 20 eggs each. The first group was incu 
bated for eight days before inoculation 
the second for ten days, the third for 12 
days, and the fourth for 14 days, They 
the ¢ with 10 
per cent suspension of fascia infected with 
the sixth 


Ten per cent and tenfold 


sion dilutions of each were 1D 


table 3 
contained the highest amount 
next came 


sac showed a 


the 


Kighty eggs 


were all inoculated on acm 


alternating passage of 
Egyptian sheep pox virus. The eggs were 
36(C. for four days, at the 
end of which time the membranes of each 


sheep 
incubated at 


group were collected separately, triturated, 
and a 10 per cent suspension in saline was 
Tenfold dilutions prepared 
from each group and titrated in a sheep 
table 4 

The titer of 


made were 


virus in the four groups of 


621 


TABLE 4—The Effect of 
Multiplication of the 


Age of Embryo on the 
Sheep Pox Virus 


10 
ten 


same; it reached 
that at 
12, or 14 days embryos could be 
the cultivation of the 

The Effect of Temperature of 
tion After Inoculation of 
Development of Sheep Pox Virus 
that 
inoculation 


the 
indicate 


membranes 
These 


Was 
results eight, 
used for 
Virus 
Ineuba 
the 
incubated for 
were allotted 
each. All the eggs 
the ¢ with a 10 
per cent suspension of fascia infected with 
the sixth alternating 
Egyptian sheep pox virus 
The 
at 56 ¢ 
at 5D 


days at 


Embryos on 


fertile hens’ eggs 
12 days before 
to 3 


were 


were 


groups of 20 eggs 
inoculated on a.m 


sheep passage of 
first group of eggs were incubated 
(., and the third 
They were all incubated for four 
the end of which time the e¢ 
group collected 
35.5 per cent 


‘ 


the second at 3 


of each 
triturated 
in saline 


were separately, 


and a suspension 
was mac Ten per cent and then 
tenfold dilutions were prepared from each 
group of membranes and titrated in a sheep 
(table 5 

The virus multiplication in the eggs in 
cubated at 36 or at 37 ¢ high 
titer of 10°%. Those membranes « eted 
from the embryos incubated at 59 ¢ 
inoculated in sheep 745 showed no skin o1 
This 
lenged with a known virus showed typical 
local and febrile 


cated el that at 30 ¢ 


reached a 
vhen 


systemic reactions sheep when chal 


reaction The 


arly neubation after 
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The Effect of Temperature of Incubation After Inoculation of 


Embryo on the 


Development of Sheep Pox Virus 


lem perature 


of incubation 


inoculation there was no growth of virus 
on the ¢.acm 

Tests In a 
that the 
strain of sheep pox virus cross immunized 
with the Egyptian find out 
whether the egg-cultured) virus 
munizes with the original Egyptian strain 
and the Romanian strain, the sheep which 


were used for the titration of the different 


Cross-Immunity 
report, it 


prey LOLS 


was found Romanian 
strain To 


CTOsSs 


egg passages and those which were used in 
the experiments on the study of the eultiva 
tion of the virus in eggs were allotted to five 
; 


with 0.5 ml 
of a 10 per cent suspension of the Egyptian 


two were challenged 


sheep pox virus with a titer of 10°°, and 


the other 2 groups were given similar doses 


of the Romanian sheep pox virus with a 
titer of 10 


Two control sheep were inoc 


ulated with similar doses, one with the 


Fig. 2—Normal chorioallantoic membrane showing transparent and clear surface 
Fig. 3—Membrane inoculated with the Cairo S sheep pox virus, showing small and large 
pock lesions. 


622 Ver. Res 
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TABLE 5— 
Ke 
Skin reaction 
Dilution trea Area Area Febrile 
postinoculat ed ea Titer 
i4 
ot 
° 
l 
) 
T4 
powitive sl or febrile reactior egative local or febrile rea ' 
4 
é 
3 
¢ 
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Fig. 4—Sheep pox-infected membrane with large 
confluent and small lesions. High power 


Kevptian virus and the other with the Ro 
None ot the 


reaction 


manian strain challenged 


sheep showed any whether given 
the Egyptian virus or the Romanian strain 
The 2 
local and svstemie reactions 
that the 
cross Immunizes fully 


Kgvptian and th 


control sheep showed clearly positive 
These 
cultured sheep pox 
with 


results 
showed virus 
both the orig 
Romanian strains 
Rahbhits toa 
The skin of the belly of rab 
of 2 rabbits 


scarified at 


inal 
The 

Poa 

bits } 


shaved and 


Susceptibility of Sheep 
Virus 
each Wis 

Pen 


per cent suspensions of each of the original 


groups 


several areas 


sheep pox virus, the egg virus representing 
the tenth e 
Romanian sheep pox 


am. alternating passage, the 
and the 
virus were applied to the 


areas of 


Virus Vac 


cinia searified 
one group 

Only the 2 rabbits which were given the 
skin and 
None of the animals 


Vaccinia virus showed svstemic 
given the 


This 


shows clearly that rabbits are not suscepti 


reactions 
sheep pox virus showed any reaction 


ble to sheep pox virus even when cultured 
in eggs 

Trial of the Cultivation of the Romanian 
Strain of Sheep Por Virus on the Chorio 
Vembrane of Chicken Embryo 


attempts 


allantovie 


Several were made to cultivate 


the Romanian sheep pox strain of virus on 
the «a.m. of chicken embryos using the 
same techniques and methods used in cul 
tivating the Cairo S Egyptian strain, but 
all the results indicating 


were negative 


CULTIVATION OF SHEEP Pox Virus 


that the Romanian strain does not grow im 

Pathological Changes in the Chorioallan 
toic Membrane Produced by Sheep Pox Vi 
rus.—Four days after inoculation, the in 
jected area of the membrane showed yel 
low, thickened, caseated patches, 
which like 


some of 


were small pock lesions, and 


others were confluent and occupied most of 


Sand 4 


observed in 


No central necrosis 
The 


had no ill-effeet on the embryo as no mor 


the area (fig 


Was these lesions virus 


talities found among the inoculated 


embryos even after the sixth day of infe 
Microscopically 


were 


tion the ectodermal laver 


Fig. 5—Normal membrane showing one layer of 
flat cells in ectoderm (a) and few cells of tatty 
tissue in mesoderm (b) 
Fig. 6—Sheep pox-infected membrane with pro 
liferated ectodermal layer (a) and mesoderm (b) 
infiltrated with large numbers of leukocytes and 
fibroblasts 
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Fig. 7-—-Sheep pox-infected membrane with ecto- 
derm (a) showing proliferation, degeneration, and 
necrosis. 


which in the normal membrane is made of 
one layer of flat cells (fig. 5), showed in 
the sheep pox infected membrane marked 
proliferation and was changed into several 
layers of cuboidal cells (fig. 6 When the 
membrane was examined four days after 
inoculation, the superficial cell layers were 
and The 
showed hypertro 
infiltration with leukocytes and 

The blood 


were highly 


(fig. 7 


considerable 


degenerated necrosed 
mesoderm 
phy 
fibroblasts 


and 
vessels in the meso 
of 


marked 


and 
No 
entodermal 


derm engorged 
them showed ruptured walls 


the 


some 


changes were observed in 
layer 
DISCUSSION St 


AND MMARY 


The Kyvyptian Cairo S strain of sheep 
pox virus was successfully 
the chorioallantoic membrane (¢ 
the developing chicken embryo for 21 


cultivated on 


of 


pas 


a.m 


using the alternating method between 
ntil now, 
virus in the 
The amount 
of virus obtained from the membrane was 


SALES, 
sheep and chicken embryos. | 
three direct of the 


membrane have been reached 


passages 


in some passages equal to that given by the 
sheep itself, as the titer reached 10 
the embryo could be used as a cheap host 


and 
and so, instead of the sheep used now, 


for large-scale production of seed virus for 
No the 


was by 


vaccine preparation change 


of the 


character Virus observed 


uch egg passage, as the cultured virus still 


caused generalized infection in sheep and 
Th 


reaction in rabbits 
to 


did not cause any 


cultured virus was found 


CTOSS 


SABBAN 


nize fully with both the original Egyptian 
virus and the Romanian strain 

In experimental studies of the cultiva- 
tion of the sheep pox virus In the egg, it 
found that two, four days’ 
incubation after was the best 
time for obtaining the amount 
of virus from the membrane. Temperatures 
of 36 and 37 C. were found to be suitable 
for the incubation of the eggs after inocu- 
39 C., no virus grew on 
the membrane. The highest titer of virus 
was found in the ¢.a.m. and the least 
found in the embryo and fluids. The virus 
produced characteristic lesions in the ¢.a.m. 
in the form of thickened, yellow, caseated 
patches of different sizes at the area of in- 
oculation. Microscopically, the ectodermal 
layer showed proliferation, degeneration, 
and necrosis with considerable hypertro 
phy of the mesoderm. Several 
were made to cultivate the Romanian strain 


Was three, or 
inoculation 


maximum 


lation, whereas at 


was 


attempts 


of sheep pox virus on the « using dif 


ferent 


methods with unsuccessful results 
References 


Hut 


Expérimer 
ation 


6 1949 


ary « 
pe 
mer 
~ if 
“4 
Pes 
he ts 
t 
5 
64 
I ur Ald ( id 
1 
= ion 
Contra la n 
Madrid 194 i 
‘ Donatier A eat and 
oO 
Ky 
P { ( atior 
Ay ine Cla 
6 
in, M Cont t 
16 19 
Ka ( i or 
Chorioallantoic Mer ( iJ 
M. Re 19 
Blaxall, i \ R 
to Medicis 
ndlay, G. M 
Gir H 
le \ ‘ 1) 
rt Wel } j 
Bennett ( | 
I x Disen ‘ 
Orter ‘ ( 
Di Pa fila 


Chlorinated Naphthalene Intoxication in Sheep 


W. E. BROCK, D.V.M., M.S.; E. W. JONES, M.R.C.V.S., Ph.D.; 
ROBERT MacVICAR, Ph.D.; L. S. POPE, Ph.D. 


Ntillwater, Oklahoma 


NATURALLY OCCURRING cases of highly occurs a few days after administra 
chlorinated naphthalene poisoning in sheep — the poison 

have not been observed This type of Findings in the trial in which sheep ha 
. poisoning has been produced experimen been poisoned experimentally ineluded lo 


tally in sheep by feeding a processed wheat ot appetite, straw colored fluid in the bod 
concentrate which had also produced the cavities, cirrhosis of the liver. and squan 
condition in cattle. This study suggests ous cell metaplasia of the endometrium 
that ten times more of the poisonous sub Contamination of pelleted feed witl 
stance is required to produce toxicity In tajy types of grease containing the hig 
sheep than in cattle chlorinated naphthalenes during the 
Polychlorinated naphthalene toxicity in leting process has been incriminated 
cattle has been produced by a total dose eause of bovine hy perkeratosis This 
as little as 0.45 mg. of chlorinated naph periment was initiated to determine if a 
thalene per pound of body weight given — ¢ommercially pelleted feed would produce 
during a seven-day period At this dos signs of bovine hyperkeratosis in sheep and 
age, signs of intoxication appeared on the — to gtudy the signs and lesion produced 
twelfth day after administration began 
Based on the COmMpParison between cattl 
and sheep and using the processed wheat 
coneentrate, this would indicate that the 
toxic level in sheep was 5 to 10 mg per 
pound of body weight 
Clinical signs bovine’ chlorinated 
naphthalene intoxication include excessive 
lacrimation and salivation, nasal dis 
charge, emaciation, proliferative lesions in 
mouth, diarrhea and, in the more chroni 
cases, the typical hyperkeratosis of the 
skin.* Gross lesions found at necropsy hav 
included proliferative lesions in the eso 
phageal mucosa, cirrhosis of liver, cystie 
swelling of mucosa of gallbladder and 
extra hepatic bile duets, and striation in 
the renal cortex.* Histopathological find 
ings have shown degeneration and cirrhosis 
of liver, proliferation of the intrahepatic 
bile duets, eystic dilatation of mucosal 
glands of gallbladder and bile ducts, dila 
tation of the straight tubules of the kid 
ney, squamous cell metaplasia of cervix 
and Gartner's duets, and hyperkeratosis 
of the skin 
Cattle poisoned with highly chlorinated 


naphthalene have consistently shown a ad 


crease in vitamin A plasma levels 
100 ml. of blood. This 


. 
hana i 
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Kuch ewe was examined at intervals for 


weekly 


signs of disease, particularly lesions in the mouth, 


nostrils, and eyes that might be associated with 


vitamin A deficiency or hyperkeratosis as observed 
blood for 


taken 


in cattle, Samples of vitamin A analy 


sis of the plasma were from each sheep 
before commencing the experiment and at five- to 
15 das 


intervals during the experiment 


RESUL' 


The results with the control sheep not 
given chlorinated naphthalene in lots 1, 
2, and 3 have been reported in a previous 


EXPERIMENTAI 


paper There Was ho evidence of deleteri 
ous effects on the general health, weight, or 
plasma vitamin A levels. Two of the con 
irol sheep were killed for necropsy. No 
evidence of OF pathologi 
cal changes relative to this experiment was 
found in either sheep 

The amount of chlorinated naphthalene 
table 1 
the chemical per 


viven to the sheep is summarized 
given 0.5 mg. of 
weight daily, required an 
mg. to 
total 
05.0 mg. per pound of bods weight. Lot 5 


Lot 4 
pound of body 
total 
produce death-—an 


average amount of 


average dose of 
of chlorinated naphthalene 
per pound of body weight daily, received 


viven mg 


an average total dose of 13,596.0 mg., or 
137.0 mg. per pound of body weight of the 


MacVicar 


Port 


4 i 
5 10 25 40 55 


Days During Chloriacted Naptheiene Was Administered 


Graph 1—The mean plasma vitamin A levels (xg 
100 ml.) for each lot of sheep during the period 
of administration of chlorinated naphthalene. 


average total dose of 25,.878.0 mg., or 256.0 
mg. per pound of body weight 
death 

The 
animals because sheep 26 died from foreign 
Animal 16 was killed on 
the 135th day of treatment in order to ter 
trial. At the time of death, it 
was showing mild signs of toxicity 


to produce 


averages for lot 6 are based on 4 


body pneumonia 


minate the 


The average number of days the sheep 
received chlorinated 
death was 106 for lot 4 
for lot 6 


before 
and 20 


naphthalene 
27 for lot 5 


Plasma 


Vitamin 


The 
A determinations of each lot made 


chemical, to result in death Lot 6, Vitamin A mean plasma 
12.5 mg. of ehlorinated naphthalene per 


pound of body weight daily, required an 


riven 


during this experiment are shown (graph 


TABLE 1—Summary of the Amount of Chlorinated Naphthalene Administered Prior to 
Death to All Sheep in Treated Lots 
Daily el 
nhaph b 
Animal Ib (mg 
it 


Mean 


Killed to terminate 


¥ 1957 
5 
| | 
* 20 
= 10 
6 
0 
apt 
Lot meg 
i 67 
( 4.15% 49 
4 4 
Men i “ 
) 
17 
Mean 7 137 
7 i 
‘ 
eriment Died of foreig bod notin 


(CHLORINATED 


] There is no significant difference be 
tween the vitamin A values for the vari 
ous lots on the day that chlorinated naph 
thalene feeding started. Determina 
tions of plasma vitamin A, 
fifth and subsequent days of this experi 


Was 
made on the 
ment, showed it to be significantly lower 
in the higher dosage lots, 5 and 6, than in 
the control lots 
difference at any time between the plasma 
vitamin A determinations of the ewes in 
the control those in lot 4 
received the low level of chlorinated naph 
thalene 

Although significant differences between 
vitamin A levels of the 
control and treated lots were found, at no 


There was no significant 


lots and which 


plasma ewes 
time was the plasma vitamin A at levels 
indicative of severe avitaminosis A. The 
vitamin A level of 17.9 p»g./100 ml 
found three days before 


iowest 
of plasma was 
death in 1 ewe 

Clinical Siqus In all cases, the onset of 
toxic signs was manifested by a nasal dis 


charge in excess of normal, weakness, loss 
of weight, and inappetence. The signs were 
more obvious and of longer duration in the 
lower intake groups 

Lot 6 
signs were observed only uv short time be 


death A 


which was occasionally 


In the high level intake group, 


fore serous nasal discharge, 
blood tinged, ap 
peared and the animals became dyspneic 
The mucous membranes were injected and 
icteric and the pulse weak and accelerated 
Auscultation of the 


vesicular sounds 


chest revealed in 


creased The animals be 
came recumbent and death occurred after 
eight to 24 hours of illness 

Lot 
showed similar signs 


The medium level intake group 
The duration of ill 
and the 
Dyspnea, 


ness WAS longer ”» to 3 days 


weakness more obvious while 
still apparent, Was less severe 
Lot 4 In the low intake 


and were not 


level group 


dyspnea icterus present 
There Was a loss of condition. with eventual 
recumbency and death after several days 


of illness. In some animals, abdominal 
distention was apparent and proved to be 
due to ascites 

Pathology found 
at necropsy did not simulate those observed 
in cattle with 


polsoning 


(VOSS (jross lesions 


chlorinated naphthalene 
Lesions found in animals in all 
yroups included liver damage, varving de 


gastrointestinal hemorrhage, and 


grees of 


"HTHALENI 


IN SHEL 


increased pleural or peritoneal fluid or 
both 
Lot 6 


tract,’ congestion and ecehy moses were com 


Throughout the gastrointestinal 


mon especially in the abomasums and large 
The 


congested 


Intestines livers were consistently 


swollen and friable 
mottled 
yestion and hemor rhage being titel mingled 
with lightes areas, 
tive of fatty There 
occasional ecchymoses in the fundi of the 
gallbladders and slight thickening of the 
bile ducts. An increased quantity of peri 
toneal fluid animal. The 
kidneys were congested and showed red 


Thev were 


in appearance, dark areas of con 


eream colored 


degeneration were 


was present in 1 
dish brown streaks in the medulla. Uterin 


hemorrhage was observed in 1 while 
placental separation occurred in another 


ewe 


The larynx, trachea, and bronchi were con 


and showed submucosal hemor 


vested 
rhages, and the lumens of the trachea and 
bronchi frothy 


were 


contained a mucus im all 


The 


edematous, and straw-colored pleural fluid 


animals lungs congested and 


occurred in 3 ewes In 
flaccid, the 


peared degenerate, and 


each animal, the 


heart) was myocardium ap 


numerous epical 

The peri 
cardial sacs contained an increased amount 


of fluid 


gested 


dial hemorrhages were present 


The spleens were consistently con 
and the blood did not clot in 2 
animals, degeneration and hemorrhage of 
the adrenal glands were noticed 

Lot 5 
intestinal tracts and livers were similar to 
the high intake 
The livers of 2 ewes appeared mor 


The lesions involving the gastro 
the lesions In animals in 
group 
firm and the consisten: Vv suggested an early 
cirrhosis. Sediment 
in the gallbladders 


was occasionally seen 
There was an excessive 
peritoneal fluid 
with some coagulum in 2 animals. Cong 


amount of straw-colored 


tion and degeneration of the kidneys were 
less obvious. Uterine hemorrhage occurred 
in only 1 animal 
tracts and of the 
were less severe 


Lesions of the respirator 

hearts were similar but 
Congestion of the spleens 
was obvious in 2 animals” Hemorrhage and 
swelling of the adrenal glands occurred in 
animal 


Lot 


intestinal 


Again, the lesions of 


the gastro 
tracts 


were similar but less se 


vere than in either of the previous groups 


The 


congestion was less apparent and cirrhosi 


liver damage was again obvious. but 


more obvious, the 


surface even assuming a 


nodular appearance throughou 


| 
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Fig. 1—Centrilobular fatty change, necrosis, and 
early fibrosis in the liver from sheep 23 which died 
28 days after receiving 5.0 mg. of chlorinated 
naphthalene per pound of body weight daily. x 50. 


the liver. Mottling still persisted. Ocea 
sionally, hemorrhage and thickening of the 


gallbladders and bile duets was observed. 


Fig. 2—Centrilobular necrosis and marked fibrosis 

in the liver from sheep 19 which died 94 days after 

receiving 0.5 mg. of chlorinated naphthalene per 
pound of body weight daily. x 50. 
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As distinct from the other 
mesenteries and omenta 
and contained petechiae. The peritoneal 
cavity in each animal contained large 
quantities of straw-colored fluid, some of 
which coagulated when the was 
opened, No obvious renal lesions were ob- 
served, and hemorrhage into the uterine 
lumen was seen in only 1 animal. Conges- 
tion of the lungs was observed only once 
in this group, but increased pleural fluid 
occurred in 3 animals. There were no ob 
vious lesions of either the hearts or spleens. 
The adrenal glands appeared degenerate in 
animal. 

Histopathology. — The histopathological 
changes were similar in all sheep receiving 
the toxicant, regardless of the 
ministered, There was little difference be- 
tween lots 5 and 6, as might be expected, 
since the sheep in these lots died within a 
relatively narrow range of time. The sheep 
in lot 4 showed much the same changes but 
in a more chronic form 

Lots 5 and 6.—There was marked con 
gestion and hemorrhage in the livers of 
these sheep, with necrosis radiating from 
the central vein and all of the remaining 
hepatic cells showing some degree of de- 
generation (fig. 1, 2). A small amount of 
collagenous connective tissue was present 
around the central vein. 
there was congestion of 
and coagulation 
membrane of the bile ducts 

The kidneys (fig. 3) showed marked con 
gestion of the blood vessels, principally in 
the medulla below’ the artery. 
Heavy deposits of yellowish brown granules 
were found along the 


gested blood vessels 


groups, the 


thickened 


were 


carcass 


dose ad- 


In a few animals, 
the gallbladders 


necrosis of the mucous 


arcuate 
course of the con 
These granules gave 
the cut kidney the characteristic brownish 
streaks (fig. 4) in the medullary pyramid 
found on gross examination 

Uteri from the sheep of 
showed congestion of the 


these groups 
endometrium 
with occasional hemorrhage into the lumen. 
The epithelium of many of the uterine 
glands was fragmented, with cells sloughed 
into the glandular lumen 

Marked and bronchial exu 
date were consistently found in the lungs 
Occasionally, there were areas of hemor 
Two sheep had 


congestion 


rhage and of atelectasis 
pheumonia 

Lesions common to the hearts of these 
sheep were cloudy swelling, hyperemia of 


the myocardium, and small hemorrhages 


* 
AS.” 
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along the coronary vessels in the epicardia. 
Occasional small foci of myocardial ne- 
crosis were also found. 

The spleens of these sheep invariably 
showed marked passive hyperemia, with 
occasional hemorrhage into the splenic sub- 
stance. In there was atrophy 
of the malpighian corpuscles. Their adrenal 
glands showed hyperemia and various de 
grees of degeneration of the cortex. 

Damage to their intestinal tracts was 
largely confined to the abomasums and 
colons where congestion, small hemor 
rhages, and degeneration of the mucosa 
were found 

Lot 4.—Much of the liver necrosis around 
the central veins, seen in the sheep of lots 
5 and 6, was replaced in the sheep of lot 4 
by collagenous connective tissue. 


most Cases, 


Less congestion was found in the renal 
medullas than in the sheep of lots 5 and 6, 
but damage to the proximal convoluted 
tubules and, to a lesser degree, the rest 
of the nephron was more pronounced. 

Hemorrhage and congestion of the mu- 
cosa of the uteri were not found. Instead, 
there was sloughing of the glandular cells 
and deposition of a hyaline material into 
the lumen of the uterine glands 

Changes in the lungs, hearts, and spleens 
of the sheep were similar in all treated lots 
In the spleens, however, there was an in 
crease in the interstitial connective tissue 
and The adrenal glands 
were less hyperemic than those in sheep in 
lots 5 and 6 but there was an increased de 


reaction centers. 


generation of the cortices 


DISCUSSION 


The experiment primarily demonstrated 
that polychlorinated naphthalene poison 
ing in sheep is distinetly different from 
that in cattle. The amount of the chemical 
required to produce death in sheep was 
much greater and the pathological changes 
differed from those in cattle 

The smallest amount of chlorinated 
naphthalene per pound of body weight re 
quired to death in a sheep in this 
100 
amount 


Cause 
times 
per 


approximately 
than the 
pound of body weight reported by Bell to 


experiment was 


greater smallest 
This difference be 
ovine lethal doses is 
which might have 
results obtained 


of a calf 
bovine 


cause death 
tween and 
much greater than that 
deduced from the 
with contaminated wheat concentrate by 
Olafson and McEntee 


been 


CHLORINATED NAPHTHALENE IN SHEEP 


Fig. 3—Glomerulitis with protein in the lumen of 

Bowman's capsule and vacuolar change in the cells 

of the proximal convoluted tubules. This section 

is from the kidney of sheep 23 which died 28 days 

after receiving 5.0 mg. of chlorinated naphthalene 
per pound of body weight daily. x 50. 


The range of the lethal dose for sheep 
within each lot shows a wide tolerance for 


the chemical among individuals. Consider 


ing the fact that about 4 Gm. of chlorin 


Fig. 4—Congestion with deposition of pigment in 

the medulla of the kidney from sheep 23. These 

pigmented striations appear as brown streaks in 
the medulla on gross examination. x 50 
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ated naphthalene was the smallest lethal 
dose in these sheep, it is less likely that 
feed contamination, that which 
has been incriminated in intoxica 


would cause serious losses in sheep 


such as 
bovine 
tion 

The two most characteristic pathological 
changes in bovine chlorinated naphthalene 
intoxication are cufiheous hyperkeratosis 
and extreme depression of plasma vitamin 
A levels. Ilyperkeratosis was not observed 
in the sheep in this experiment. Plasma 
Vitamin A ftevels, while significantly lower 
in the sheep given 5.0 mg. and 12.5 mg. of 
the chemical per pound of body 
than in the control sheep, did not show the 


weight 


extreme and rapid depression to values less 
than 10.0 pg./100 ml. of plasma charac 
teristic of bovine intoxication. The sheep 
viven 0.o mg. of chlorinated naphthalene 


per pound of body weight did not show 
any significant depression in plasma vita 
min A levels. Thus, the clinical changes 
most characteristic of this condition in 


cattle are either absent or comparatively 
insignificant in sheep 

The elinical and pathological 
were apparently due to toxie action of the 

the cardiovascular 
kidneys. Small 
found in the intestinal tracts, omenta, epi 
cardial fat, uteri, kidneys, livers, and other 

Lack of 
dilatation 


changes 


chemical on system, 


liver, and hemorrhages 


organs indicate vascular damage 


myocardial tone and cardiac 
found and microscopic indi 
cations of myocardial damage, illustrate 
the toxic effects on the heart. Toxic effects 
the resulted in and cir 
rhosis the central while the 


kidneys showed degeneration of the neph 


OH heeropsy, 


liver necrosis 


around 


on 
veln, 


Port im. J. Ver. Kes 
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rons. Cardiac insufficiency, coupled with 
flow 
in the general 


kidneys 


and also in the 


increased resistance to portal blood 
through the liver, resulted 
passive congestion of the spleens, 
intestinal tracts, and lungs, 
and 


the 


large amounts of peritoneal pleural 


fluids 
chrome cases 


found at necropsy in more 


StMMARY 


Experimental intoxication in sheep from 
highly 
strates 


naphthalene demon 
that sheep much 
for the do catth 


and they do not show cutaneous hyperkera 


chlorinated 
have a vreatel 


tolerance chemical than 
tosis Or anh excessive drop in the plasma 
level Affected 
nasal discharge, weakness, loss of weight 
The pathological 
findings were those associated with cardio 


vitamin A sheep showed 


Inappetence, and ascites 


necrosis and cirrhosis of 


vascular injury 


the liver, and damage to the nephrons 
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Leukocytic Response in Lambs Exposed to 
Whole-Body X Irradiation 


L. A. GEORGE, Jr., D.V.M.; PATRICIA L. HACKETT, M.S.; L. K. BUSTAD, D.V.M. 


Richland, Washington 


[IN PREVIOUS STUDIES! conducted at this 
laboratory, lambs 8 to 10 weeks old were 
exposed to a multiple radiation assault 
which included exposure to 10, 50, or 100 r 
of whole-body x irradiation, beta irradia 
tion of skin, and oral ingestion of ['*'. One 
of the principal purposes of the studies 
was the demonstration of the pattern of 
initial leukocytie response after exposure 
to a sublethal dose of whole-body x irradi 


ation. The total radiation dose derived 
from the beta exposure of skin and the 
ingestion of I'*' was not large enough to 
have affected the leukocytic response of 
the animals thus, the results observed 


were attributed to the whole-body, x-ray 
exposure, 

In the initial studies, an 
quantitative difference in the early leuko 
cytic response of the animals following 
exposure to the different whole body dose 
Compared with 


appreciable 


levels was demonstrated. 
preirradiation levels, the response ranged 


From the Biology Operation, Hanford Laboratories 


General Electric Co., Richland, Wash 
Based on work performed under contract W-31-109 
ng-52 for the Atomic Energy Commission 
The technical assistance of M. E. Kerr and the Animal 
Farm staff and of the Clinical Laboratory personnel is 


from no significant depression at the 10 ¢ 
level to about 50 per cent depression at 
the 50 r level and a 60 to 70 per cent de 
pression at the 100 r level 

stimulated interest rela 


These studies 


TABLE 1—Number of Animals and X-Ray Ex 
posure per Group 
(iroup No. of animals X ray done 
l 6 Nome 
wr 
The conditions of exposure were viaxitron etting 
250 ky 1) ma filtration 2.5 mm. Cu and 1.0 mm 
Al; distance to midline of animal 143 em dose rate 
r/minut nm air half-value layer me Cu 
and effective energ (calculated in air 145 ke 
tive to the dose level at which the first 


perceptible leukocytie depression would 
oceur The study 
represents more recent work on this prob 


reported in this paper 


lem and presents the results obtained by 
exposing male lambs to bilateral 


whole-body, x-ray exposures of 15 and 301 


young 


MATERIAL AND METHODS 


male, nursing Suffolk 


A total of 18 
weighing 


young, 


between 40 and 55 kg. each, 


lambs, 


comprised the experimental population, The dis 


ratefully acknowledged by the authors 
110 
Fig. 1— Percentage of 100 


pre-exposure lymphocyte 
values in control and ex- 


90 


posed groups. 
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tribution of the anima tinent fea ! ere then grou t \ 
tures of the experimenta ow! table inimals were examine yl t tl post 
] Phe animal ere luring the radiation phase of t re ! ood 
x-ra exposure period cCanva mples ere take! t estal ! L inter 
ing which wa uspended in front of the x-ra igular puneture, ng l-gauge ne nd 
yenerator General Eleetrie-Maxitror The to evacuated tube Hey ! nti 
tal dowe vn divided equ between the right ‘ gulant 7 eukoeyt ted ith a 
and left yale of the inimal Contro inimal olutiol ol cent 
vere imilari immobilized and suspended in the r cent eid for ne For the 
x generator faeilit but were not irradiated determination of packe olun of throcyvtes, 
Three blood samplk were obtained from each Wintrobe’s hematoerit tubes e centrifuged at 
of the 18 animals during the week prior to expo 700 room. for 30 minute Hemoglo concen 
sure to obtain the pretreatment dat he ani trations ere letermine ! t et | con 
TABLE 2—Hematological Values 
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Cannan.’ Student t is reflected in total leukocyte level fiy 
ignifear f differences betweer 2 The decrease in lymphocytes in the 
meat ferred gral animals that received 15 r is not significant 
than 0.0) with the numbers of animals utilized 
Beanies No significant changes occurred in neu 
trophil (fig. 3), packed cell volume, and 
No clinical manifestations attributable to hemoglobin levels (table 2 
the whole-body exposure were observed dur 
ing the postexposure period. The animals References 
remained alert, maintained thei appetite, 
made normal weight gains, and appeared i ‘ (254 
contented 
The lambs which received 30 r of total K 
body x Irradiation showed a significant de 7 
erease in lymphocytes when the three post ( 
irradiation values were compared with the . 
values (fig. 1 This decrease ‘4 


pretre atment 
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An Electronic Stethoscope for Sterile 
Small Animal Surgery 


JIMMY A. DAVIS; BENJAMIN D. FREMMING, D.V.M., M.P.H.; 
HENRY M. BORELLA, M.S. 


Austin, 


of cardiac action 


sterile 


monitoring 
during surgery small 
was desired at this laboratory. It was de 
cided that a method of displaying the 
heartbeat by means of a flashing light dur 
ing sterile surgery would suffice. Adequate 
diagnostic facilities were not available to 
for auscultation of the of the 
smaller laboratory animals at a cost within 


on animals 


ts chests 
reach of our budget, and none of the sev 
eral electronic stethoscopes currently avail 
able were thought capable of adequately 
fulfilling our requirements 

Animal size dictated that a flat 
microphone, which could be taped to the 
of an animal 250-Gm 
rat, would have to pickup 
The impulse of the heart could then be 


small, 
chest as small as a 
be used as a 
transferred by means of a cord to an amp 
lifying system, well clear of the 
draped surgical field, aetivating a neon 
bulb and radio-type earphones. With these 
criteria in mind, an electronic stethoscope, 
which will be deseribed, was developed with 
consideration 


sterile 


cost a foremost 


Nature or Heart Sounp 


The sound emitting from the chest of an 
animal is complex. Preliminary studies in 
dicate that the fundamentals of the heart 
beats of animals studied lie between 30 and 
250 cycles per second (eps.) with harmon 
i extending upward to several hundred 
cycles. Moreover, rales.and other thoracic 
noises complicate the sound in a frequeney 
range from 200 to 1,000 eps. Hence, this 
sound is an admixture of many sounds 

While the ear can be trained to interpret 
sound, an electronic device not 
tinguish a sound purely by its source 


dis 
In 


order to obtain a visible indication of the 


Can 


heartbeat, unique properties of its wave 


From the Radiobiological Laboratory of the University 
of Texas and the t S. Air Foree, Austin, Texas (Davis 
and Borella), and South Hille Animal Hospital, Pitts 
burgh, Pa. (Fremming) 

This study was supported (in part) by funds provided 
under contract AF 18(600)-165 with the U.S.A.F, School 
of Aviation Medicine, Randolph Air Kase, Texas 


ras 


form must be utilized to distinguish it 
from the other noises which accompany it 

Krom the above, it can be seen that most 
of the from the heart 
expended in frequencies below that of the 
other Moreover, the heart 
beat which 
be heard above the other noises. These two 


acoustic energy Is 


chest sounds 


is a short, intense sound, can 


characteristics of the heart sound were 


lected to actuate the mechanism for isolat 
ing the heartbeat 
the heartbeat can heard or 
‘*flashed,’’ it must first be detected. The 
over-all required elements of an electronic 
(microphone 
amplifier, discriminator circuits for isolat 
ing the heartbeat, and a triggering circuit 
to flash the light. Moreover, a phone out 
let from the amplifier is needed for aural 
output 

It be readily from the 
that the requirements for the microphone 
detector are critical low fre 
quency response down to is neces 


sefore he 


stethoscope are detector 


Cal seen above 


or 


30 cps 


sary, and the unit should be pressure 
actuated. The microphone used in this 
particular instrument is the Maico No 


55-16 which is 


for cardiophony 


manufactured especially 


Tests show that this mi 


crophone performs especially well with 
small animals 
CIRCUITRY 

No unique cireuitry is used in this in 


strument; however, various simple stages 


were selected for their particular suita 
bility. Basically, v, and v, (see fig. 1 
make up a high-gain amplifier which 


serves as the input and also provides fre 
queney The signal then 
goes into both an input stage for the light 
output input for the 
output. 

Frequency compensation is accomplished 
by a single feedback loop around v,. Three 


compensation 


and an stage aural 


RC networks can be switched (s,) into this 
loop to give the response curves shown in 
figure 2. Position 1, with a band width 
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from 20 eps. to 1.500 cps., is designed to band pass filter which allows only about 
allow most of the thoracic noise to be one octave band width, its center band 
heard. It can be used for diagnostic work frequency being adjustable, with ganged 


if desired. Position 2 limits the band votentiometers R,,, R,,, and k,,, from 35 
width to the lower frequencies, allowing to 250 cps The purpose of this position 
: little sound other than the heartbeat to is to allow the fundamental of the heart 
pass. Position 3 converts v, into a narrow beat to be tuned’’ to the cireuit and to 
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Ry i Mes 
< ‘ 
— 
=> < se 
< | < | { <r 
i > Pa 32 
< 
Ste COMPENSATION Sie 
2? 2 AWN ; Ce Roy 
| Med Nop Lavy 
| 
2 Ve 004 
| < Cig AURAL OUTPUT 
[ = S$ a 70 2 | 
Co 
Fes < | 
Riy | | 4 J 
| 
< 
J 
{ ” 6x4 
< / NW 
> Rig Se ( } Ras 
> 
Cie Cis no v ac ? 
ne | 
| 
| > 
WE | | 
v Ve ‘s 
Parts List 
04 fe electrolyt Ks, Ryo, 470,000 ohm, 1/2 w 00 ohm, 
( ( ( mfd., paper Re, Kes, Ros, K 100,000 ol K 
ctrolyt 680,000 ohm, 1/2 » KK 20,000 ohn 
‘ ‘ i mfd paper 10,000 ohm, 1%, 1/2 6AU6 vacuum t 
( rar 100,000 ohm potentiome \ scuum t 
‘ ‘ ! f n d ter near taper V IZA) ‘ 
( mfd., paper 000 ohm potentiometer 7 va 
Cus, 0 mifd ele ear taper Ruy gap 6X4 t 
tre t K 00 ohm, 1%, 1/26 \ Ha ‘ t 
pay ] 000 ohm potentiorn al iy 
mfd., par ter aud taper trar 
( ‘ i f t Row, | m, 40 ma... ¢ t 
f Ree, 10. hm, 1 ‘ 
K K ohm, 1 tr t 
Ry, K ohm, 1 
Ry, Rey, Row, hm potent t 


Fig. 1—Circuit diagram 
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100 1000 
Fig. 2—Relative gain ver- 
sus frequency for differ- 
ent compensation posi- 
tions. 
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10900 
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TUMNG CONTROL: —— COUNTERCLOCKWISE 
— 
CLOCKWISE 


1990 FREQUENCY - 
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Fig. 3—Electronic stetho- 


sc ope. 
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ELECTRONIC 


receive far more amplification than other 
frequencies 

Tube v,, serves as an amplifier input to 
the triggering circuit. The triggering cir 
cuit itself is a simple Schmitt triggering 
circuit of the pulse-height discriminator 
type. The positive bias on v,, is such that 
only negative signals with amplitudes equal 


to or greater than this bias will pass. This 
bias is adjustable; therefore, since the 
heartbeat is the most intense sound emit 


ted from the chest and has been further 
isolated by frequency compensation, it can 
be isolated completely. Only when the 
heart beats will vy, conduct (flashing the 
neon bulb 

In most animals, the systolic beat is 
more intense than the diastolic, and it alone 
will flash the light. However, in some ani 
mals, the light will flash on both beats, yet 
each heartbeat cycle can be readily distin 
guished up to 500 beats per minute. 

In addition to the bias control for the 
triggering circuit, a gain control (R,,) 
mounted on the rear of the chassis ad 
justs the amplitude of the over-all in 
coming This is primarily for ad 
justing the signal height from species to 
species, leaving the bias control for fine 
adjustments 

The phone output consists of one stage 
of amplification and a cathode follower 
designed to feed into medium-impedance 
headphones. A separate gain control for 
the phones is provided by R,, 


signal. 


TECHNIQUE OF EMPLOYMEN' 


A small area of the chest wall is clipped 
of hair with a No. 40 Oster clipper, and 
the microphone described above is at 
tached either with an elastic band or with 
The cord re 


laying the impulses from the microphone 


masking tape to the thorax 


to the amplifying system is extended from 
the operating table to a convenient loca 
that is sight of the 
performing the operation. The amplifier 


tion within surgeons 
is adjusted and, in some cases, if the sys 
tolic frequency is different from the dias 
tolic, one or the other may be masked out, 
as indicated later, so that a ‘‘true’’ pulse 


rate is observed visually on the flashing 
neon bulb 

For purposes of auscultation, the head 
phone attachment is utilized, and ausculta 
tion is accomplished as is normally done 


with a Ford type stethoscope We have not 
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found it mandatory to shave short-haired 
animals such as the monkey, rat, guinea 
pig, hamster, and domestie cat; but in the 
long-haired dogs and rabbits, we have felt 
that clipping or shaving considerably im 
proves the transfer of the heart impulses 
to the amplifying system 

Compensation positions 1 and 2 are de 
signed for while 
serving a dual purpose, and position 3 are 
employed for best actuation of the light 

The instrument should be warmed up 
for a few minutes prior to After 
warming up, with compensation switeh in 
position 1, the heart is monitored with the 
microphone at 
chest until the 


phone use, position 2, 


using 


various locations on the 
point of maximum heart 
beat is found. The microphone is attached 
at this point. The compensation is then 
changed to position 2 or 3 depending on 


purpose. If it is desired to listen to the 


heart intermittently while using the in 
dicating light, position 2 is preferred; 
if no ausculation is planned, then po 


position 3 is 
Rygy and R, 
be adjusted for maximum 


sition 3 is suggested. If 
used, the tuning control ( R 
ganged) must 
signal from the heart. With the compen 
sation switch in position 2 or 3, the bias is 
adjusted until only one light flash is seen 
(or in some cases, 2, as explained above 
for each systolic heartbeat heard on the 
phones. If no flash obtained, an 
increase of the trigger gain is indicated 
If the light can not be limited to flashing 
with heartbeat, 
the gain is indicated 

This stethoscope has been utilized in a 
number of surgical procedures on the dog 


Can be 


the systolic lowering of 


cat, hamster, guinea pig, rabbit, rat, and 
monkey and has been found unsatisfactory 
only in thoracic surgery. The large artes 
ies and the heart itself are usually visible 
during thoracic surgery on 
mals, and the need for 
heartbeat, fortunately, is reduced 


smaller anti 
monitoring the 


SUMMARY AND CONCLUSIONS 


electronic stethoscope for 


sterile surgery of the rabbit, rat, guinea 
pig, hamster, dog, cat, and monkey has 
been described. The instrument as de 


scribed is of minimal cost and can be as 


sembled by most hobbyists for a cost not 
exceeding 


We have 


of value in 


found this instrument to be 


our sterile surgery work with 


small animals at this laboratory 


Determination of Maltase Activity in the 
Blood Serum of the Dog 


RALPH G. SKILLEN, V.M.D., M.S. 


Pasadena, California 


MALTASE is an a-D-glucosidase which cata 


lyzes the hydrolysis of 1 mole of maltose 


© moles of glucose Its presence in the 


blood serum of the dog was first demon 
in 1921. This enzyme 
shown to be 
pig, rat, 

It is present in only small 


strated by Compton 
has also been present in the 


serums of the mouse, horse, Ox, 
heep, and goat 
amounts in the serum of the cat and is not 
found in the serums of man, monkey, rab 
bit, guinea pig, chicken, and pigeon.’ * 
Although the natural occurrence of this 
enzyme in the serum has been studied, 
little 


tive to its 


information has been obtained rela 


biochemical properties or its 
In order to ae 


was 


physiological significance 


quire such information, it necessary 
to develop a convenient standard method 
whereby the activity of this enzyme could 
The purpose of this report 


is tO present such a method for the meas 


be determined 


urement of serum maltase activity and to 
present information concerning the effects 
of pHl and substrate concentration on the 
this 


activity of enzyme 


MATERIAI ND Metnop 


The method employed to determine the maltase 


ietivity of a sample of dog serum depends on the 


increase in the reducing power of a mixture con 


taining dog serum and the substrate, maltose, 


filer ineubation 
Dog serum was collected and prepared for use 
hile taking all available 


the sterility of the 


precautions to insure 
After reserving 


which to determine 


serum sample 


i portion of the serum with 
the concentration of the 


emt, the 


reducing substances pres 
diluted in the 
parts of 
This diluted 


frozen and stored for 


remaining portion was 


ratio of | part of serum to 99 saline 
NaCl 


used immediately or 


olution (O.0% imple was 
either 
observed in 


future use; no loss of activity was 


the frozen samples 
substances 
fresh 


filtrate was ob 


The coneentration of the reducing 


in the serum was determined, using the 


undiluted mipele \ 
tuined by the 


protein-free 


method of Somogyi,” and the con 


Inatitute 
Huntingto 


entration of the educing ibstances wus otl 


determined colorimetric aduptatio 
determination of 


Klett 


of the Somogyi me or the 


Zlucose deseribed Ne \ phote 


eleetrie colorimeter med i 4 gree! 


filler was used it ‘ ‘ ! ‘ of the re 
ducing substances 

To prepare the mation ture, a al 
luted serum sample wa idjusted to the desired 
pH with a 0.2 M buffer Na HPO 
KH.PO,), the tion being 1 part of d 
luted serum to 5 parts of this buffer After this 
solution had been warmed to 39C. in a constant 
temperature water bath, 
olution of the desired 


phosph ite 


final solu 


volumes of a maltos« 


concentration, freshly pre 


pared and similarly varmed ver idded and 


mixed For every test incubation mixture of 


given maltose concentration, a simultaneous con 
trol incubation mixture was utilized. Th: 
prepared so that the 


coneentrations were the 


contro 
incubation mixtures were 
maltone same as the ini 


tial maltose coneentration of the corresponding 
test mixtures 
diluted 


However, d of containing the 
serum, the col ol ixture contained 

Without serun 

The test and control 


simultaneously at 39 ¢ At the 


mixtures were ineubated 
ippropriate time 
intervals, 8.0 ml. were withdrawn from the ine 
idded to of a 10 


7H.O in order to precipitate the 


bation mixtures and 
cent ZnSO, - 
teins and stop the reaetion 

N NaQOH wa id 
then filtered and 


obtained Simultaneous 


mixing, 
ml. of O56 mixed; the 
solution was 


filtrate 


protein-free 
mpling of the 


test and control mixtures ser nsure against 


possible error resulting 0 e hydrolysis 


maltose by mierobial 


The protein-free ra 4 hotl the test and 


control mixtures were then d to determine the 


concentration the redu substances in th 
srrocedure wis To 


filtrate 


incubation mixture the 
lowed as with the 
When the higher concentratio of maltose 


ised the test al 


erum 


contro mixture 

to dilute i hiltrat 

ratio part o 

The colorimeter 

samples were multiplied 

In all « 
on enel 


leulation of the 


periments 

ple 
Vola 
icing Substances in S 

tions of known concentra 


in the same manner 


pro 
vere 
int 
nd ard n Memorial H t Pasadena 
or pport fur i ' ' ther 
O38 
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2 5 4 5 6 7 4 
oF AKDUCING sUBSTance x 107% 


Fig. 1—Standard curve for the determination of 
the concentration of reducing substances (glucose) 
in 1 ml. of solution. 


With the 


ised, it was found that under these circumstances 


(fig. 1 was constructed instruments 


the molar concentration of glucose in a solution 


as equal to the colorimeter 
x 10 


Calculation of the 


reading multiplied 


Volar 
Test and Control Samples 


Concentration of Re 
ducing Substances in 


Inasmuch a i ml. were used in the sampling of 


~ 
. 


WOLES MALTOSE MYDRGLYZED x 10° 


Fig. 2—The effect of pH on the activity of dog 

serum maltase. Maltose concentration 6.53 x 

10°M; incubation temperature = 39 C.; and period 
of incubation — 60 minutes. 
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Bioop M 


the test and control ineubation mixtures, the con 


centrations of the reducing substances in thes 


nixtures were 0.125 of the concentrations of s 


ims with the same colorimeter reading; t.¢., the 
molar concentration of the reducing subst 


the test and 


control mixtures was equal to th: 


colorimeter multiplied by 5.06 x 10 
Vol of 


Test and Control Samples 


reading 
Calculation of the Reducing Sub 
stances Present in the 
The number of moles of reducing substances pres 
ent in the test and control samples was equal to 
the molar coneentration of reducing substanees in 
Sx 10° or the 
reading multiplied by 4.05% 10 
Calculation of the Volex of Maltuse Hydro 
lyzed The moles of maltose hydro 
| caleulated by the 


these sumples multiplied by 


meter 


number of 


vzed may be equation 


My Mr M,+M 


M, represents the number of moles of maltose 
hydrolyzed; Me, the final number of moles of 
after hydrolysis; M,, the 


reducing 


reducing substance 
number of moles of 
tributed by the 


number of 


substance con 
serum; and M, the 
moles of 


initial 
maltose as determined 
from the control value 

Sines 0.01 mil. of 
mixture, M, 


tration of the 


only serum is actually used 


in the test equals the molar 


reducing substances in the 

rum x 10 
Calculation of the Moles of Glucoar 


produc ed 


Produced 
The moles of glucose s equal to \I 


RESULTS 


The Effect of pH on Maltase Activity 
Three experiments were performed to de 
termine at what pH the maltase activity 
was maximal. The pH of the incubation 
mixture was varied from 5.7 to 7.4, deter 
minations being made at each 0.1 pH unit 
Each experiment utilized a serum sample 
from a different dog; the substrate concen 
tration was 6.35x 10%. The curve showing 
the effect of pH on maltase activity (fig 
2) was constructed using the average val 
ues of the three experiments 

Throughout the entire pH 
there existed maltase activity 
The optimal pH appeared to lie between 
pH 6.4 and 6.6; however, strong activity 
between 6.1 and 7.5 
These findings are in agreement with those 
of Kokuryo 
activity through a wide pHl range with a 
maximal activity at approximately pH 6.6 

The Effect of Substrate 
on Maltase Activity of extreme 
tance in the determination of 


stud 


ied, good 


was observed 


who similarly observed strong 


Concentration 
dog serum 
maltase activity is the concentration of the 
The results (fig. 3 that 


substrate show 


although maltose is usually hydrolyzed by 


639 
250 
200 
1x 
. 
2 
100 
ti 
30 
2.0 
le 
567 6. 6.5 7.0 7.4 
pH 


Fig The effect of 
substrate concentration 
on the activity of dog 
serum maltase Incuba- 
temperature 39 
C.; period of incubation 
60 minutes; and pH 
6.6 


the concentration of 


concentrations 
this imbhibitory 


zyme-produet 


inhibits maltase activity 


Time-reaction curve pH 


concentration of about 3.53 M. Con 
centrations of maltose than this 
lead to a decrease in activity of mal 
tase. For this reason, when the maltase 
activity of dog serum is determined by this 
method, it is essenth that the concentra 
tion of maltose e incubation mixture 
be less than 3.5 x M. Further informa 
tion concerning a satisfactory maltose con 
centration to be f ussay ol dog 
serum for maltase acti vy was derived 
from the time-reaction 

Time-Reaction Studia order al 
rive at a standard incubation time and to 
study further the effects of maltose con 
centration on maltase 
time-reaction studie as prepared. Ineu 
bation mixtures containing maltose in the 
concentrations of M, 5.29x 10 
M, 1.45 x 10 and 7 M were 


used the pil in all mixture Vas sam 


ples were withdrawn mn the incubation 


mixtures at 15 and 120-minute 
intervals, and the motes of maltose hydro 
lyzed were determined. It was found that 
significant hydrol s of maltose had taken 
place in all mixtures by 15 minutes, except 
in that mixture in which the maltose con 
centration was &.13 x 10 Mi: at this con 
eentration, no hyvdrolys of maltose Was 
observed throughout the course of the ex 
periment A typical time-reaction curve 
obtained from tl experin i Is Shown 
fig. 4 

In figure 4, the 
the incubation n 


concentrat 
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MOLAR CONCEWTRATION waLTOseE x 107% 
uffigently high, the activity of maltase 
mia be inhibited or completely blocked 
ince maltose hydrolysis may be com 
pletely | 
of matlto 
formed 
explamed olely on the bas ol an en 
combination nm thi CHSC a 
vlucose combination. The findings 
ndiicate that maltose itself, at high con 
These data indicate that the maximal 
hvyvedrolysis of maltose, under the condition 
of these ¢ nit at a maltose 
“ 
¢ 
WA 
2 4 
4 
vin 5) 
Concentrations as follows 8.13 x 10°M; 
5.29x10 A 1.45x10°M; and @ 
14x10‘'M i.14 Mf 


MALTASE ACTIVITY 


lowed nearly a straight line for 120 min- 
utes, at 10" 
had hydrolyzed ; 
60-minute interval 
tose hydrolysis had reached a significant 
level. This tendency to follow a straight 
line the 60-minute interval 
that at this time maximum hydrolysis had 
not yet been approached and that the rate 
through this 
However, when a maltose concentra 
145x10°° M was used, 4.0 x 10° 
34.5% ) were hydrolyzed 
minutes and, when the concen 
M, only 3.7 x 10° 
were hydrolyzed 

The changes in the slopes of those curves 
obtained when the 


1.45x10°° M 


which time moles of 


moreover, at the 


maltose been 


mal 


past indicates 


of hydrolysis was constant 
time 
tion of 
moles of maltose 
after 120 
tration 


moles (8.8% 


Was 


maltose concentrations 


were and 5 2Y x 10 M show 


an initial rapid hydrolysis followed by a 


decreasing hydrolytic rate after 30> min 
utes, although considerable amounts of the 
This 


ing hydrolytic rate indicates that an equi 


substrate, maltose, remain. decreas 
librium at which hydrolysis is maximum is 
That this should occur 


concentration of 


being approached 
while the 
high is indicative of some inhibitory effect, 


maltose is yet 


possibly a maltase-glucose combination act 
ing with the inhibitory effect of high mal 
tose concentrations 

Since the decreasing hydrolytic rate ob 
with higher 
was not found at a maltose concentration 
of 7.14 x 10% after 60 minutes’ 
although a significant 
had been hydrolyzed, this maltose concen 
this time 
standard in determining the 


served these concentrations 
incubation, 
amount of maltose 


tration and incubation were se 
lected as 
maltase activity of dog serum 

Valtase Activity in the 
Healthy Dog 
each of 15 healthy 
cedure as described, it was found 
pill 6.6, with a 60-minute 


39 0.01 ml. of dog serum in 8.0 ml. of 


Serum of the 
from 
Using the pro 
that at 
incubation at 


Sertm was collected 


dogs 
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a 7 14 x 10* M maltose solution produced 
an average hydrolysis of maltose of 1.75 x 
10°° moles. The range was from 1.18 x 10 


moles to 2.48 x 10°° moles 


SUMMARY 


A method for the of maltase ae 


tivity in the 


serum of the dog has been 
described 

The optimal pH of this enzyme 
found to lie between pH 6.4 and 6.6, al 


observed be 


Wis 


though 
tween pH 6.1 and 7.3 

The effect of the 
substrate on the activity 


strong activity Was 
ot the 


serum 


concentration 
of dog 
lligh concen 
and 
activity of 


maltase has been discussed 


trations of maltose inhibit com 
pletely block the 


maltase 


dog serum 


Information derived from a_ series of 


time-reaction studies has been presented 


and discussed 

Using 15 healthy dogs, it was found that 
by employing the method of assay de 
scribed, 0.01 ml 


an average of ] 


of dog serum hydrolyzed 
10 
in 60 minutes; the 
10 to 2.48 x 10 


maltose 
L118 x 


moles per 60 minutes 


moles ot 


range was from 
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The Use of a Bacterial Polysaccharide (Piromen) as a 
Pituitary-Adrenal Stimulant in Dogs 


BERNARD C. WEXLER, Ph.D.; JEAN L. FAEHNRICH, B.S.; 
MARGARET E. WEISS, B.S.; OLIVER D. GRACE, D.V.M., M.S. 


Vorton Grove, 


THE RECENT revelation of functional inter 


relationships between the and 


through 


pituitary 
mediation of ad 
ACTH 
to a clearer comprehension of a number of 


adrenal glands 


nocorticotrophie hormone has led 
Clinical and experimental problems Be 
cause of the remissions induced by acti 
and cortisone in human rheumatoid arthri 
tis, nephritis and nephrosis, dermatomyo 
sitis, and in ophthalmological and allergie 
cousiderable impetus was given 


Even though 


upheavals 
to the use of these hormones 
the action of these agents produced striking 
salutary effects, their 
was frequently followed by serious compli 
Such effects 

as the masking of fever 
on of the white blood cell count 


indiscriminate Use 


cations untoward were ob 


served le pres 
sodium 
retention, diabetes in a form unresponsive 
fo insulin, uleeration of the gastrointestinal 
virilizing effects in the female, and 


addition 


tract 
psychotic aberrations, In hasty 


reduction or withdrawal of the hormones 


often led to the appearance of the with 
drawal syndrome.’’ This syndrome is char 
acterized by sodium retention followed by 
evere and precipitous sodium diuresis, by 
alternation of a wildly euphoric state with 
one of manie depression, and by sudden 
elevation of temperature with increases in 
white blood cells These complications SOOT 
caused the early enthusiasm to wane and 
ACTH and cortisone was 
subsequently restricted. More judicious use 
of these has demonstrated that 
they may effectively 
when the regimen is so adjusted that opti 


the appheation of 


hormones 


be used safely and 


mum dosage levels are maintained to meet 


the metabolic requirements of the patient 
Experimental®* and clinical evidence 

rom the Research and Development Departa 

Morton Grove 

addres Ma Inet 

hie 


Laboratort Ine 
Wexler present 
Research, Cincinnati 


omen is sterile, nonprotein, and nonanaphyla 


togenic bacterial polysaccharide complex of Pseidomona 


prepared as a stable suspensior 


origin It 
sodium K lactate containin 1:10,000 parts of 
it is a product of Travenol Laboratories, Ir 


ar of Baxter Laboratories, In 


Illinois 

ides has shown that the bacterial 
complex, Piromen,* stimu 
which 


polysaecharid 


lates adrenocortical responsiveness 
in many ways mimics that which is caused 
by actu. In the rat adrenal, this drug pro 
in ascorbie acid, 
histologically cle 
moustrable sudanophilic These 


changes are also attended by lymphopenia, 


duces marked alterations 


cholesterol, and in the 


material 


increases in both neutrophils 
liver 


followed by 
and eosinophils and by augmented 
glycogen deposition. The pattern of change 
in these entities resembles in many respects 
that which 
ACTH or its administration 


follows ndogenous release ot 
Nevertheless, 
The 


acid and 


striking dissimilarities exist 


maximal fall in adrenal ascorbic 


cholesterol after a single injection of ACTH 


usually occurs within one to two hours; 


after the polysaccharide, this maximal drop 
The ol 


following the 


is seen in four to five hours 


depletion of ascorbic acid 
this drug is far greatet 
that 


adminis 


administration of 
before a plateau is reached than is 


which follows AC THI Prolonged 


TABLE i—Diurnal Hematological Variations in 
Normal Dogs (Expressed as Total Cells per Cubic 
Millimeter x 10") 


Variation 


7,408 


. 
11 
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eo i4 
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PIROMEN As A STIMULANT IN Dogs 


TABLE 2—Summary of Hematological Changes in the Dog Produced by a Bacterial Poly 
saccharide (Piromen) Administered Once per Week for Four Weeks (0.02 Unit per Kilogram 
of Body Weight *) 


Wee 


Were 
144 
6.24 


elected, a8 the in romen for the 
and the cat, thi ) ven intravenous 
perature and a significant pattern of 


imeter 


tration of actu to the rat causes the ad 
renal gland to increase in weight; this is 


Mongrel dogs of both sexes were selected o1 
accompanied by marked involution of both — the basis of age, weight, health, and disposition 


thymus and spleen and a considerable loss These vigorous and apparently healthy animal 
in body weight vere placed in air-conditioned quarters and fed 
By contrast. the polysaccharide produces i ration of commercially prepared dog food All 


an increase in adrenal weight, less marked [00d was withheld during the tests, but water was 


than that observed after administration of Hbitum, They were given anti-distemper 
soTH. The thymus and spleen may either 
be maintained at a constant size or en 
larged. The animal itself continues to 
vyrow at an undisturbed rate.** 


and rabies vaecine and were tested for worms 
The average body weight was 10.7 kg. For the in 
dex of adrenal stimulation, the initial fall and suc 
ceeding rise of the granulos vtes was selected 
Clinically, Blood samples were taken from the ear in the 
similar anabolic effects have been observed = morning, noon, and midafternoon, in order to 
in human subjects." Increased corticoid verify or disprove the existence of diurnal 
output, eosinopenia, and decreased glucose _ tions and to establish approximate base-line | 
tolerance were among the typical acTrH-like All counts were made from specimens taken d 
effects produced in healthy male subjects rectly from the ear and duplicate count 

by intravenous injection of relatively large '™#*4¢ im each instance. For the erythroeyt 
doses (0.5 to 2.0 units’) of this drug Un 
like actH, it brought forth a significantly 
positive balance of nitrogen, with simul 
taneous retention of both sodium and po 


cells per cubie millimeter x 10°), Hayem lilut 
ing fluid was employed, while eosinophil count 
were made according to the method of Randolph 
Each sample was shaken for three minutes, p 
tassium. The urinary uric acid output was and the cells counted. Body temperatures wer 
not increased These effects are most rea taken (rectally at hourly intervals following the 
sonably explained on the basis of growth — injection of the polysaccharide, The maximum 
hormone release by the pituitary gland rise in temperature oceurred three to four hour 
There is a considerable array of veteri-  “ftet the initial injection 
nary diseases which may be benefited by 
steroid therapy. In order to determine the 
potential application of this polysaccharide 
to this phase of veterinary medicine, we de 


After establishing a hematological base line for 
the individual animal, a rest period of seven da 
was allowed before the initial injection and be 
tween each succeeding injection. Dosages ranged 
from 0.001 to 0.6 unit of the drug per kilo 
cided to explore the responsiveness of the gram of body weight injections were gives 
canine pituitary-adrenal system to this intravenou 
drug 

RESULTS 
Piromen is expressed in The data (table 1) show that there was 


veterinar Viromen 


human little diurnal variation in the blood el 


195% 
he i i 
t 
r} 441 i 6 
nTH 
nit kil ‘ f bod 
nt 
Expressed tota ‘ per 
‘ nt re mad 
oD 
terms of nit init 
stent t of Piromet 
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ments. The total counts of leukocytes re 


A small drop 


in eosinophils was noticed during the noon 


mained remarkably constant 


man, a slight rise is seen at the 
The number of red blood cells 
did not vary throughout the day 

The results of the first trial and succes 
weekly level 
A precipitous fall 


leukocytes and of 


hour ; in 


same time.” 


tests at the same dosage 
are compiled (table 2 
in the total 
eosinophils followed a single injection of 
0.02 unit within one hour, while the eryth 
rocyte count 


numvoer of 


unchanged, A sig 
nificant rise in leukocytes and eosinophils 
appeared in four and a half hours; eight 
half after injection, the 
leukocytosis was easily discernible 


remained 


and one hours 
while 
eosinophils had fallen back to normal lev 
els. All had returned to their 
normal within 24 table 
z, fig. ] Despite these active changes in 
the blood 
temperature at 
untoward were seen 
The then 
tered at the same dosage once weekly for 
three The 
hematological pattern appeared after each 
Injection 


elements 
hours 


ranges 


picture, no inereases in body 


this dosage level and no 
reactions 
adminis 


poly saccharide was 


weeks same changes in the 


No loss of stimulating effect or 


RBC 
6.00 


5.00 


4.00 


3.00 


2.00 


AM. 
O 


| 


Fig. 1—The effect of Piromen (0.02 units/kg., intravenously) on various hematological elements 
in the dog. 
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no refractoriness was observed. There was, 


moreover, evidence of an increase in hema 
erythrocytic as well as 
table 2 


dosages ranging progressively 


fopoletic activity in 
in granulocytic elements 

Given in 
from 0.001 to 0.6 unit per kilogram ot body 
weight the drug elicits a graded response 
granulocytic elements of 


table 3, fig. 2 


in so far as the 
the blood are concerned (ef 
Pyrogenic effectiveness is equally linked to 
with th 


mperature 


the size of the dose response by 
lessening as 


Amounts 
body 


increased body t 


the number of units is decreased 
helow 0.02 per kilogram of 


weight produced no changes in body tem 


unit 


maximal temperatures can be in 
dueed, however, through the use of larger 
increments. With heightened temperature, 
peaks appeared within three to four hours 
after the and the temperature 
had normal in eight hours 
Leukopenia was one to 
two hours after the While a 
good response Was invoked by 0.01 to 0.02 


perature ; 


mnjection 
returned to 
seen earler—in 


nye etion 


unit, the reduction in leukocytes was more 
frankly exhibited at higher levels of medi 
of unusual intensity, 
attainment of max! 
and in its disap- 


cation 
cle lay ed 
mal levels 


Leukoey tOSIS 
both in the 


to 24 hours 


| 
| 


G 
UNTREATED 
TOTAL WBC 
@-+-+++@ -PIROMEN TREATED 
UN TREATED 


EOSINOPHILS 
- PIROMEN TREATED 


UNTREATED | 
PIROMEN TREATED 
= 


mM. 


urs. 


TIME 


4 


+ | | | | 
| 
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PIROMEN AS A PITUITARY 


ADRENAL STIMULANT IN Dow 


is 


TABLE 3—Average Temperature and Total White Blood Cell * Response to Graduated Doses 
of Piromen (Single Injection) in the Dog (0.001 to 0.6 Unit per Kilogram of Body Weight, 
Intravenously ) 


Temper 


ature 


pearance (after 96 
administration of 0.1 


In formulating an 
cal function or rese 


Fig. 2—Time response of 

total white blood cells in 

the dog to a single intra- 

venous injection of Piro- 

men (0.001 to 0.6 units 
kg.). 


hours 


SSLON 


index of 
rves, the 


followed 
to 0.6 unit 


the 


adrenocortl 


use 


of 


the 


in 
et 


the dog has been 


al 


wh 


o found tha 


changing levels in circulating eosinophils 
suggested by Martin 


t the response to 


ACTH, as shown by eosinophilic elements, is 


essentially 


ith 


man 


A 


the 
fall 


same inl 


of 70 


the 


normal dog as 


cent or more 


% FALL BELOW NORMAL 


sy ss 


RISE ABOVE NORMAL 


"0.6 
-0.4 
ba 


UNITS OF PIROMEN 


Ver. Res, 645 
Dose of to 4 ( l i in 
inits d hr hr hr ' 
0.1 10,61 if ‘ ) 
~ 18.17 6.4 if i O15 
‘ 1 1 ( 
l 6.861 l 40 6.101 
12,551 5 1909 14,59 4.11 15,464 
l 14,6 14,44 14,64 i4 
expr as cells per cubic meter 
| 
Ji 
‘ is 7 4 
\ + 
| 
| 
12 4 6 48 
HOURS 
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it circulating 
hours after a 


eosinophils within seven 
test ACTH 18 pre- 
sumed to indicate satisfactory adrenocorti 
cal reserves. This diagnostic 
like all clinieal must be 
with other findings and, also, 


dose of 


procedure, 
correlated 
with other 


tests, 


more eritical tests 

While our findings agree with those re 
ported by Martin, we have found the gran 
uloeytopenic, agranulocytopic, and granu 
locytophilie indexes equally 
would that 
junction with the eosinophil test 

It is of interest that, after a single test 
the polysaccharide, 
like leukopenia, appears within one hour. 
According to Martin, a single dose of actH 
produce a maximal fall in the 
eosinophil count for seven hours.’® The 
decline in both eosinophils and leukocytes 
after a test dose of Piromen per 
cent; this response is less than that which 
follows administration of acTH 

While the eosinophil count did not ex 
normal levels, per 
levels were recorded for leuko 
Leukocyte reaching three 
the normal have been re 
ported after large doses of the bacterial 
polysaccharide.* 

Data collected 
viously reported,'® present corroborative 
evidence that the formed elements in the 
blood of the dog normally differ but little 
throughout the day. This fact, coupled 
with a sensitive response of these ele 
ACTH, 


ise of 


and 
eon 


reliable 


these be used in 


suggest 


dose of eosinopenia, 


dloes not 


was 


ceed counts 80 cent 
cytes COUNTS 


times ranges 


(table 1), and that pre- 


ments to the polysaccharide or to 
should wider 
these indexes as diagnostic aids, suggesting, 
at the same time, the possibility of wider 
application of these potent agents in vet 
erinary medical 

The alterations in the numbers of granu 
locytes in the blood, reported here, offer 
further evidence of the pituitary-stimulat 
ing effect of the polysaccharide, 7.e., stimu 
scTH. The 
intensity and character of the response is 
less pronounced than that seen after the 
administration of As 
stated animals ex- 
hibiting decreased ascorbic acid and cho 
lesterol after the polysaccharide ** did not 
suffer thymus and splenic tissue 
nor show the body weight which 
follows the injection of actu. In human 
subjects,* this drug induces the metabolic 
changes and increased adrenal output char 


encourage a clinical 


practice." 


lation of endogenous release of 


we 
XOpe nous 


earlier, experimental 


loss of 


loss 


H—WeEISS 


(FRACI 


unlike the 


retention 


acteristic of acTH release and, 
positive 


The increases in erythrocytic and gran 


hormone, nitrogen 
ulocytic elements observed when the poly 
intervals 
the in 
which 
potent hematopoietic 
agents Elevations in the 
leukocytes after larger amounts were ad 
ministered encountered in 
the results reported by Windle and Wil 
COx In these studies, the ability of the 
drug to stimulate the reticuloendothelial 
system was measured; this stimulation 1s, 
likewise, a effect of adrenocorti 
The polysaccharide has been used 
certain al 


given at weekly 
attributed to 


adrenocorticoids 


saccharide 
table 2 
duced 
known to be 


Was 
could be 
release of 
are 
numbers of 


resemble those 


known 
coids."! 
with 
lergic dyserasias, such as neurodermatitis, 
and in ophthalmological 
o This its capacity to 
stimulate the reticuloendothelial system 
No evidence of developing refractoriness 
has been found after repeated weekly in 
jections of 0.02 unit (table 2 , 
served that, unlike actH and typhoid vac 
cine, it induced adrenal response in human 
subjects even after repeated injection 
Finally, none of the untoward effects 
which so often follow administration of 
adrenocortical encountered 
with this drug. take 
the form of edema, polydipsia, or polyuria 
In man, they chills, 
fever, rectal tenesmus, and general malaise 
These reactions may be avoided by proper 
adjustment of the dose 
cats, 1.0 unit or more may produce vomit 
ing and illness shortly after 
injection, but recovery is usually prompt 


considerable success for 


disorders.”:! 


may be due to 


Conn * ob 


factors were 


In dogs, these may 


appear as transient 


In both dogs and 
intravenous 


Since the polysaccharide can be given 
without disturbing 


regarded, 


and 
may 


with safety 
aftermath, it 
eventually, as a useful agent for stimu 
lating adrenocortical activity in the alle 
viation of the toxic effects of many animal 


come to be 


diseases 
SUMMARY 


With the use of leukopenia, eos inopenila, 
and leukocytosis as indexes of adrenovcorti 
cal activity in the dog, evidence was ob 
tained that the bacterial polysaccharide 
complex, Piromen, is a potent stimulant 
for the pituitary-adrenal system. The de 
gree of stimulation, when measured by the 
leukocyte response, showed a gradient pro 
Intra 


portional to the administered dose 


Am. J. Vier. Res PIROMEN As A STIMULANT 


JULY 1957 


venous injection of 0.01 to 0.02 unit per 
kilogram of body weight elicited marked 
alteration in the cireulating granulocytic 
elements; this activity was not accompa 
nied by pyrogenic effects. Administration 
of 0.02 unit at weekly intervals did not 
lead to the development of refractoriness 


of response. Above such dosage levels, 


there was a gradual increase in body tem 
perature in response to each increment, 
with intensified hematological response 
The injection of 0.2 unit of this polysac 
charide brought significant stimulation of 
the reticuloendothelial system. The ab 
sence of untoward effects suggests that 
the drug may have promise as a safe 
means for stimulating pituitary-adrenal 
activity in animals 
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Symposium on Immunization Against Infectious 
Bronchitis Virus. 1. Some Basic Properties of 
Infectious Bronchitis Virus 


CHAS. H. CUNNINGHAM, D.V.M., Ph.D. 


Kast Lansing, Michigan 


THe purrose of the present contribution is 
to bring together some of the presently 
known properties of the virus of infectious 
bronchitis (1B) of chickens. The clinical 
features, methods of diagnosis, and control 
of the have been adequately de- 
seribed.’ ‘7-89 Reference 
will be made to these facets only where sig 


disease 
1 


nificant for introduction of the basic prop 
of the virus 

of the difficulties of 
the properties of infectious bronchitis vi 
inv) is the lack of definitive charac 
terization of employed in many 
studies. Fundamentally, virology should 
be concerned primarily with the properties 
of the agent of the 
changes induced in the host, direetly or 
indirectly, in terms of mechanisms of the 
virus-cell 


erties 


One in assessment 
rus 


Strains 


for interpretation 


interaction Research findings 
for 


this 


stimulus 
IBV 


should serve as a more 


of 


trating studies by avenue of 


approach 
CLA 


IFICATION 


in the order Virales 

first by 
been continued in van 

of Suborder III], Zo 
ophagineae, viruses infecting animals. In 
included in 
lam vi 
infee 


(‘lassification of IBy 
Tarpei 
Packer 


Rooy en 


as pully was proposed 


and has 
revision 
bronchitis is 


VII, 


CHusing 


fecetious virus 


Mamily Reedellaceae nov., 


ruses generalized systemic 
tion characterized by fever and necrosis of 
the of 
papule, or vesicle formation or of conspic 


uous Involvement of nerve cells, 


tissue absence obvious macule, 


in 
and Genus 
I11, Tarpeia, viruses of the influenza group 
inducing diseases characterized principally 
involvement of the tract 


by respiratory 


48 


MORPHOLOGY 


Infectious bronchitis allantoic 
fluid 60 to 
100 mp, with filamentous projections which 
are prominent 
prepared in 
ter 


Virus in 


is spherical, averaging from 


more when specimens are 


saline than in distilled wa 


In chorioallantoic membranes, 
plasmic 
spheres averaging 200 my 


Intracyto 

appear 
Smaller par- 
which 
strue- 


elementary bodies as 


ticles and doughnut-shaped forms 


sometimes evident internal 


ture 


POSSESS 


may be observed. In some specimens, 


the tissues appear almost normal with the 
elementary bodies enmeshed separately, in 
of 


pairs, chains, or clumps sizes 


In severely affected tissu 


varying 
the cytoplasmic 
network is obscured by a dense and seem 
ingly mucoid material which is observed as 
the 


between 


the imbedding matrix of 
and thin strands 
particles and tissue el 


viral clumps 
individual 


as 


ments 


( hick ens 

IBV 
species are 

be 


ulation 


SPECTRUM 
The 


and, 


the 
lar as known, 
affected 
several 


natural 
other 


chicken 


host for 


as 


avian not Infection 


may induced by routes of inoe 
but the 


commonly 


intratracheal route 
artificial 
Kollowing in 
the 
changes 
2] 
epithelial 


edema Z 


Is 


most or 


employe 


‘ ‘ 


transmission 
tratracheal instillation of the 


tracheal 


virus 
mucosa undergoes cyclic 
in three main phases for days 
1) acute phase (1 to 3 
hypertrophy marked 


to 9) 


and re 
epithelial 
hyperplasia and marked cellularity of the 
to i Be! 


epithelium and 


parative phase (6 days 
propria, and (3) immune phase (12 
restoration of the 
either follicular or mild focal, diffuse lym 
phoid infiltration of the propria.‘ 
Significant changes are not 
of the | ! 


days 


seen in histo 
logical sections 
kidney. Inclusion bodis 


The be | 


lung and tracheal mat: 


spleen, and 
net 


ial during the 


virus ¢an adily from 


| the Depart nt licrobic and 

Ilealt licl tat t ansir 

na ft M ar \ tura ent 


INrectious Broncuitis Virus 


cubative and throughout the respiratory 
phases of the disease which may vary from 
24 hours to as long as four weeks after in 
The virus may 
isolated from eggs from two to 43 days 
after infection 

The 


changes, and 


‘ i 


fection.' also be 


histological 
virus-neutralizing antibodies 
are primarly conditioned by virus dosage 
Low doses of virus, 0.1 to 1.0 minimum em 
brvo infective 


onset of symptoms, 


(m.e.td have a de 
effect and high doses, 10% to 10’ 
have an accelerating effect. The 
chicken appears to be more susceptible to 
comparable doses of inv than the chicken 
embryo.* 


dose 


laving 


Embryonating Chicken Eag Infectious 
bronchitis virus can be propagated readily 
in embryonating chicken eggs via several 
inoculation, On primary 
tion, gross pathological alterations of the 
embryo are employed as evidence of viral 
activity. Embryo mortality is not a 
stant 21,24 Among the 
alterations typical are 
‘curling’’ of with a wry 
neck and deformed feet compressed over 
the head. Embryos may be dwarfed as 
much as one-half size with a firm, ball-like 
. Living embryos are sluggish in 
The amnionic fluid is 
than normal and the 
membrane is thickened, dry, and _ fibrotic 
Other alterations are edema and necrotic 
foci of the kidneys, dermal petechiation, 
and distension of the with fatlike 
droplets 


routes of isola 


con 


most 
the embryos 


considered 


shape 
their 
considerably 


movements 


less 


cloaca 


Microscopic findings consist of edema of 
the chorioallantoic membrane and_ prolif 
eration of tle mesodermal and ectodermal 
cells. Other alterations are hepatie hemor 
rhage, and formation ; 
pneumonia with marked serous exudation ; 
and interstitial nephritis and necrosis. In 
clusion bodies are not observed 


Hecrosis, abscess 


allantoic 
modified 
(inocu 


Following inoculation via the 
cavity, amnionic cavity, and a 
method 
shell 
cell 


pathological al 


chorioallantoic membrane 
membrane 


into the 


lum introduced onto the 
at the 


allantoic 


base of the air and 


Cavity ross 
terations may be observed on primary iso 
With 


membrane 


‘ 


lation the conventional 


chorioallantoic method, several 


passages may be necessary before these 


changes are [Inoculation via 


the yolk sac may be successful if the em 
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bryo does not contain maternal antibod 
ies.'" * While embryo mortality Is not a 
constant finding on initial 
highest rate is produced from inoculation 
via the cavity followed in de 
creasing order by the allantoie cavity and 
methods.'' The 
and modified 
methods are 
isolation of 


passage, the 
chorioallantoic membrane 
allantoic cavity 
chorioallantoie 
desirable for 
some advantage claimed for the 


membrane 
the most initial 
IBV. with 
latter in detection of viral activity in eat 
lier embryo passage 

Serial 


chicken eggs is accompanied by an increase 


passage of IBV in embryonating 
in virulence of the virus for embryos and 
a decrease in virulence for chickens paral 
leled by 
genicity 
capable of infecting chickens does not re 


loss of antigenicity and immuno 
Embryo-cultivated virus still 


gain its original characteristics on reisola 
tion in embryos Completely modified or 
embryo-adapted virus will kill all embryos 
within 24 to 36 hours. These embryos sel 
show other than 
and swelling ot 


fou! Although 


nonantigenic, 


dom signs of infection 
dwarfing and congestion 
the kidneys with necrotic 
embryo-adapted virus Is 
is specifically neutralized by anti-B se 
rum." 

Cell (Tissue) Culture 
cultivated in serial passage in minced cho 
rioallantoic membrane in medium 597 (me 
dium 199 from which purines and pyrimi 
dines have been omitted and containing 
Hank’s solution) either supple 
mented with normal 
chicken embryo extract 
as long as cellular growth 


The virus can be 


alone or 
horse serum = of 
Virus is produced 


oceturs 


pathogenic effects and change of pHi of in 
(Chicken 


observed 
cells 


liver 


fected cultures are not 
kidney support 


cells 


embryo and monkey 
growth of inv, but mouse or rat 
do not 
Infectious 
cultivated in the 
membrane in Tyrode's 
change of pH of the infected culture 
Clinical 


bronchitis virus may also be 


entire chorioallantoie 
solution with 


signs of infec 


Misce llancous 
in rabbits “* and Swiss 
with by 


A slight pulmonary 


tion are not evident 


mice inoculated the intra 
nasal and other routes 
be observed in mice but 


find 
ing.” Serial passage of the virus in mice 


congestion may 


this is not a significant or constant 


is not successful. It apparently does not 


infect but merely 
following intranasal 


lung 
Alternate 


SUrVIVes 


instillation 
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embryo-mouse-embryo passage is possible 
with embryo-adapted virus if 
are collected at a 12-hour postinoculation 
period from the mice.” 

The cynomolgus monkey (Macaca cyno 
(Myotus lucifu 


16, ¢ 


specimens 


mulgus) and the cave bat 
gus) are considered susceptible to IBV 


Growth RATES 


Infectious bronchitis virus propagates 
rapidly in, and invades, all tissues of the 
embryonating chicken There 
is no significant difference in the final virus 
with different dilutions of 
moculum via the allantoic cavity, but the 
for the virus to go into the 
log phase and reach maximum coneentra 
tion is directly correlated with the concen 
tration of the With early 
sage IBV, the log phase of growth occurs at 
and maximum 
within 24 to 30 
Slight occur at 36, 42, 
18 hours. Embryo-adapted virus is in 
the log phase in four hours with maximum 


concentration 


time necessary 


inoculum pas 


six hours postinoculation 
coneentration is attained 
hours decreases 
and 
concentration of the virus oecurring at 12 
hours 

inoculation of embryonating 
and 
sentially no differences are observed in the 
distribution of the isotope in the embryo 
through the eleventh hour of ineubation 
Beginning at the twenty-fourth hour, the 


Kollowing 


chicken eggs with ry isotope P**, es 


activity of the isotope in the vrus-infeeted 
allantoic fluid is less than that in control 
eggs. A marked concentration of P*®* oe 
curs in the embryo minus liver, embryo 
liver, and chorioallantoic membrane 24, 48, 
Similar 


(2 inoculation 
results °° are obtained with S 
In cell culture, an absorption 
period with complete disappearance of vi 
rus occurs from four to eight hours after 
The latent period for early 
virus is 12 to 16 hours and 
virus is formed for at least three days. The 
latent period for embryo-adapted virus is 
eight to 12 hours and new 


and hours after 


(tissue 


inoculation 


passage new 


virus is formed 
for at least eight days 


Assay OF Virau INFECTIVITY 


Viral infectivity may be assayed quanti 


tatively by serial dilution through inter 


polation of the 50 per cent end point of 


cumulative frequencies of positive and 


negative responses of the indicator host.* 


Chickens and embryonating chicken eggs 
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im. J. Ver. Res 
JULY 1957 


may be employed but the latter are more 
frequently used because of simplicity of 


interpretation and ease of control of in 
fection 

The virus in early embryo passage does 
not kill and addi- 
tional evidence of viral infectivity such as 
typical 
living embryos on the sixth to eighth days 
included With 
mortality 
eriterion 


embry os consistently 


gross pathological alterations of 


postinoculation must be 
completely egg-adapted 


VITus, 


rates alone may be used as the 


of infectivity 
Comparable accuracy in titration of vi 
infeetivity 


ral infectiviiv, o 10 and 


neutralization, of embryo-adapted 


virus may be attained using five, seven, 


eight, or ten eggs per decimal dilution 
The 


native activity 


virus does not hemaggluti 


POSSESS 


SEROLOGY 


Antigenicity of inv and the production 
of neutralizing antibodies is direetly asso 
ciated with infectivity of the virus for 
chickens  Tnactivated 
pletely embryo-adapted virus 
Antibody 
response can be assayed quantitatively by 
the neutralization test 
the antigen-dilution or 
The lethal 
tralization index (l.d...N1) of 99.7 per cent 
of normal with the 
dilution technique would not be expected 
to exceed 10'°' + 10 or approxi 
mately 36 neutralizing doses 

Decimal dilution of 
lows a linear exponential regression when 
either phosphate buffer, 0.85 per cent NaCl 
or nutrient broth are 
the viral infectivity neutralization test 

Krom 84.0 to 91.0 per cent of the infee 
tivity neutralizing potential of anti-1B se 
rum is utilized 
with virus. Maximum 
curs within 15 to 20 minutes at 
or 37 C. and no 


virus and com 
modified or 


do not POSSESS these properties 


either 
serum-dilu 


employ ing 


tion’ techniques dose neu 


chicken serums virus 


anti-ipB serum fol 


used as diluents for 


immediate ly on contact 
neutralization 
increase occurs with pro 
longed ineubation. Anti-1B serum stored at 
for eight weeks or at 22 C 
days prior to testing does not decrease in 

After 
tenfold 


for seven 
neutralizing storage at 
37 C 
curs 

Neutralizing 
and 
week following primary antigenic stimulus 


capacity 
for 56 hours. decrease oc 
detectable 
about the 


antibodies are 


measurable from second 


Am. J. Kee 
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of adult chickens with virulent virus with 
the maximum level being attained at about 
the sixth week The level remains 
relatively constant through the twelfth 
week followed by a decline at the twentieth 
week, Secondary antigenic stimulus at the 
twelfth week is manifested by a further 
neutralizing antibodies for 
about three weeks with a slight decline at 
the twentieth week. At this time, the level 
is above the maximum induced by primary 
stimulus at the twelfth week 
Information as to the 
function of within 
rum components must await further study 
Electrophoretic analysis by the Tiselius 
method shows that primary antigenie stim 
accompanied by a marked but 
transient increase of total globulin as in 
fluenced by an increase of ganna globulin 
within two weeks. This is followed by a 
minimum levels 
antigenic stimulus is not accompanied by 
a significant globulin. Other 
than the brief initial relationship, neutral 
izing antibodies are not quantitatively as 
with levels of globulin 
Neutralizing antibody formation is not im 


lnerease 


residence and 


antibodies certain se 


ulus is 


recession to Secondary 


Increase of 


sociated increased 


paired by imbalance of serum components 


from protein depletion produced by with 
drawal of large blood = at 
weekly intervals following primary anti 
genie stimulus 


amounts of 


chem) 
that 
alpha and beta globulins may also be as 


Spectrophotometric analysis of 


cally fractionated serum indicates 


sociated in some manner with primary 


antigenic stimulus and neutralizing anti 


bodies 


IN TERFERENC! 


Interference between active and 
heat-inactivated IBV in embryo culture, An 


interfering 


Occurs 
material may also be demon 
strated in infected allantoic fluid from 
dead embryos stored for longer than two 
hours at 360 

In embryo culture, maximum interfer 
ence occurs between IBV in early egg pas 
sage challenged later by influenza type B 
virus interference takes place be 
tween embryo-adapted and influenza 
type A virus challenged by early egg pas 


Less 


sage IBV. Simultaneous injection of early 
passage and embryo-adapted inv, or chal 
influenza type a virus by early 
passage IBV, is without effect 


lenge of 


INFECTIOUS BroncuitTis Virus 651 


Infectious bronchitis virus can be propa 
gated simultaneously with Neweastle dis 
ease virus (NDV) in eggs but the action of 
IBV is masked by the more lethal action of 
NDV.** As the concentration of NDV 
creased in the presence of undiluted rpy in 
embryo culture, the hemagglutinative ac 
tivity of Nov becomes irregular. Infectious 
bronchitis virus well irrespec 
tive of the concentration of Nov. The 
me.id. of Npv is not altered by varying 
Active 
develops to both viruses, and antiserums 
satisfactorily neutralize the homologous vi 
rus in dual thus permitting 
demonstration of the presence of each vi 
rus.“* °° Interference with the development 


Is de 


propagates 


concentrations of IBY 


infections, 


of signs of Neweastle disease may be in 
duced by inv following infection of chick 
both viruses, particularly 


IBV IS Ith CXCECSS but toa lesser degree when 


ens with when 
NDV IS @XC@SS 


Demonstration of interference between 
these 


taxonomic relationship but it may indicate 


viruses does not necessarily imply 
a common pathway of infection within the 


host cell 


ENVIRONMENTAL INFLUENCES 


Heat 


adapted IBv is exponential with the activa 


Thermal inactivation of embryo 


tion energy for inactivation being of the 
approximate order of 24,000 calories mole 
at Rates of 
lows: 4€., 10 
37 C.. 
ute 

Most strains of 1pv are inactivated at 56 
C. in ten minutes. The thermal stability ot 
different strains may be detected after ex 
and 


inactivation are as fol 
week; 22 ¢ 10 
10 


lay 


hour; and min 


posure at 56 C. for intervals of 15, 30 
45 minutes 


ency toward increased thermal susceptibil 


There appears to be a tend 


ity of the virus after continued passage in 
embryos. Horse serum incorporated in the 
diluent has a 
virus.* 
Dehydration The 
in the lyophilized state than in the liquid 


protective influence on the 


virus Is more stabile 


state Data as to maximum Viability in 
the lyophilized state as determined by em 
bryo inoculation and chicken inoculation 
respectively, are as follows 25C., at 
least 606 and 378 days; 4©., 500 and 260 
days; 20 to 30C., 45% and 269 days; 
37 C., 106 and 14 days. Maximum 
itv of the virus in allantoic fluid as deter 


and 
iabil 
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mined by embryo inoculation is as follows: 
25 C,, 537 days; 4C., 427 days; 20 to 
30 C., 64 days; and 37 C., 3 days. 
One strain of ipv lyophilized in a desic 
cator P.O. and under 
has been active 


these 
after 


stored 


found 


over 
conditions 
3,077 days. 
Radiation. 
effect on 
pil.—The stability range of tv infee 
tivity at 4(C. is initially greater in an acid 
medium (pH 3.0 for 14 days) than in an 
alkaline medium (pH 10.6 for 2 days), 


with maximum stability at pH 7.8 for 170 
i’ 


Ultraviolet light is without 


days 

The isoelectric point of the virus is per 
haps at 4.05." 

Chemical Embryo-propagated 
IBV is inactivated within three minutes by 
per phenol, 1 per 
cent liquor cresolis saponatus, 1;10,000 so 


Agents 


such agents as 1 cent 
lution of potassium permanganate, 1 per 
eent tineture of metaphen, 95 per cent 
ethyl alcohol, 1:1,000 mereurie ehloride, J 
per cent formalin, 5 per cent sodium hy 
droxide, and 1:1,000 tineture of zepharin 

Carboxide (10% ethylene oxide and 90% 
carbon dioxide) is without effect on lyo 
philized ty during exposure for 16 hours 
In the moist state, the virus is inactivated 
within four hours. Ethylene oxide is con 
sidered as the virucidal agent of carbox 
ide in the concentration of 400 mg. per 
liter.°* 

Antibiotic Agents 
tomycin are without effect on ry 


Penicillin and strep 
prepared from Pseudomonas 
viscosa, exerts a highly protective effect on 
embryos when introduced one hour before 
infection with tnv. When introduced one 
hour after infection, the 
markedly diminished but not 

abolished. At four hours after 
Viscosin is without significant effect 


V iscosin, 


effectiveness is 
completely 
infection, 


Viscellancous.—Polylysine exerts a 
marked protective effect on embryos sub- 
infected with in early 
passage. This effect is significantly 
with virus after several egg 
which is completely egg 


sequently egg 
less 
passages and 
with virus 

adapted, The 
hibition with increased egg passage of the 


resistance to polylysine in 


virus may be due to (1) a reflection only 
of an increase in virulence of the virus for 
embryos, or (2) a modification of the sur 
face pattern of the virus in such a manner 


as to render it less available for combina 
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tion with polylysine. It is suggested that 
polylysine inhibits 1sv by a combination of 
basic polypeptide with acidic groups on 
the surface of the virus protein.” 

Protamine shows a slight amount of pro- 
tection of embryos against infection with 
inv and there is little or no effeet by lyso- 
zyme 


SUMMARY 


1) Infectious bronchitis virus (1BV) Is 
classified as Tarpeia pulli in Order Virales 

2) The virus is spherical, averaging 
from 60 to 100 my in allantoic fluid and 
200 mp in the membrane 


intracytoplasmic. Inelusion 


chorioallantoic 
where it is 
bodies are not observed 

3) The chicken is the natural 
iV. Following intratracheal instillation of 
the virus, the tracheal undergoes 
cyclie changes in three main phases (acute, 
reparative, and immune) for 18 to 21 days 
The virus can be propagated in embryo 
nating chicken eggs and cell 
ture. The rabbit and Swiss mouse are not 
suitable The cynomolgus 
(Macaca cynomolgus) and the 
(Myotus lucifugus) are considered suscep 
tible to IBV. 

$4) Neutralizing antibodies are produced 
in chickens with virulent my. A brief but 
transient relationship exists between glob 
following 


host for 


mucosa 


tissue) cul 
hosts monkey 
cave bat 


ulins and neutralizing antibody 
primary antigenic stimulus 

5) Comparable accuracy in quantitative 
determination of viral activity may be at- 
tained with five, seven, eight, or ten em 
bryonating chicken eggs per decimal di 
lution. 

6) Decimal dilution of 
bronchitis (1B) serum is exponential in as- 
say of neutralizing antibody. From 84 to 
91 per cent of the infectivity neutralizing 
potential of anti-1B serum is utilized im 
mediately on contact with the virus. Max 
imum neutralization within 15 to 
20 minutes. 


anti-infectious 


Occurs 


between active 


influenza, 


7) Interference occurs 
and heat-inactivated IBv, 
Newcastle disease viruses 

8) Thermal inactivation of rp 
nential. The stabile in the 
lyophilized state than in the liquid state 


used for 


and 


Is 
virus IS more 
The chemical agents commonly 
disinfection inactivate Ultraviolet 
light is without effect on the virus for the 
control of the natural transmission of the 


disease 


INFECTIOUS BRONCHITIS ViRUS 


9) Penicillin and streptomycin are with 
out effect on By. Viscosin and polylysine 
are effective under certain conditions 
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Pathogenic and Nonpathogenic Pleuropneumonia-like 
Organisms in Infectious Sinusitis of Turkeys 


H. E. ADLER, D.V.M., Ph.D., and R. YAMAMOTO, M.A. 


Davis, California 


PAPER describes the isolation and 
properties of two strains of pleuropneu 
monia-like organisms (pPLO) from sinus 
exudate of a turkey during attempted vi 
rus isolation. One strain was streptomycin 
resistant and pathogenic and did not read 
ily form colonies on serum agar. The other 
strain was streptomycin susceptible and 
could be propagated easily on prLo agar 


rye 
ris 


MATERIALS 


di 
the 

The 
agglu 

showed 


Two turkeys exhibiting marked respiratory 

to the of 
Medicine for diagnosis 
these 


necropsy, 


submitted 
School of Veterinary 
of 
At 


a clear albuminous exudate 


tress were laboratory 
birds contained 
both birds 


in the infraorbital 


undiluted 
for 


serums 
tinins PPLOL 
and aerosacculitis 
eted 


characteristic 


nuses, mucopurulent tracheitis, 


Histological examination of an sinus ré 


vealed lymphofollicular reaction 


of that 


present in chronic respiratory disease." 


PROCEDURES AND RESULTS 


Sinus exudate aspirated, pooled, 
and seeded on PPLO broth and 
agar,’ thiol medium, blood agar, and Sab 
ouraud’s medium. All cultures were neg 
ative for bacteria but colonies of prLo were 
observed on the serum agar. An antigen 
prepared from the peLO was not aggluti 
nated by hyperimmune serum produced 
from a known pathogenic strain of prio of 
turkey origin. A third culture passage of 
the PPLO on agar was inoculated into the 
infraorbital of 4 poults and 6 
chickens. They were observed for 34 days 
No symptoms or lesions appeared and the 
serums of all birds were negative for prLo 
agglutinins.’ 

Concurrently with the prLo studies, an 
attempt was made to isolate a virus or vi 
ruses from the turkey sinus exudate. One 
tenth milliliter of a 10 per cent dilution of 
exudate containing 2 


was 


selective 


SINUSES 


5 mg. of streptomy 


ein and 1,000 units of penicillin was inocu 
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lated via the yolk sac, allantoic sac, and on 
the chorioallantoic membrane, respectively, 
into fertile chicken eggs previously ineu 
bated for six to eight days. Lesions pro 
duced on the chorioallantoic membrane 
(fig. 1) were similar to the pocks described 
by Delaplane for the chronic respiratory 
disease agent * and for a virus * 
with this condition. A consistent embryo 
mortality pattern oecurred only in 
bryos inoculated by the yolk sac route 
Serums containing antibodies for infec 
tious bronchitis, Neweastle disease, laryn 
gotracheitis, and fowl pox failed to alter 
either the embryo lesions or mortality rate 
determined by routine neutralization 
procedures. Mice that were injected intra 
peritoneally and intranasally with yolk 
from affected chicken embryos failed to 
show signs of disease. Three blind pas 
sages of ground lung in mice by the same 
routes of inoculation 

Ten cockerels and 2 poults whose serums 
were negative for pPLO agglutinins 
inoculated with yolk from the ninth serial 
passage in eggs. Culture of the inoculum 
for each passage did not reveal prio. All 
birds had respiratory rales within four to 
17 days. The chickens showed signs much 
later than did the turkeys. At 
22 days after inoculation, peLo agglutinins 
were present in the serums of the infected 
birds. Pathological changes typical of the 
disease were seen. In view of the findings, 


associated 


as 


were negative 


were 


necropsy 


the presence of prio in the inoculum was 
suspected. The original of Nelson’ 
pointed out the advantage of tissue culture 
for the propagation of prio. Accordingly, 
a sample of the same yolk used to infect 
the chickens and turkeys was seeded into 
several tubes of tissue culture medium pre 
pared by the method of Nelson; 
salt 


work 


howeve 


Simms-Sander’s balanced solution * 
was used in place of Tyrode's fluid 

Ten tubes of minced cells 
served as controls to indicate whether prio 
had been introduced from the minced cell 
Acid produced in the 


inoculated volk material 


medium and 


suspension 
tubes 


Was 
with 


sac 


655 | 


H. 


Fig. 1—At lower left, a plaque (arrow), on the 
chorioallantoic membrane of a 7-day-old embryo, 
produced by the PPLO. Upper right are pocks 
(arrow) on the chorioallantoic membrane caused 
by laryngotracheitis virus infection 
within six days. The entire tube of me 
dium changed from red to canary yellov 
Smears fixed in with 
Giemsa solution revealed large numbers of 
blue- and bodies 
approximately 0.25 to 0.5 pw in size. The 
presence of coceoid bodies. the utilization 
acid, 


’ 
s and stained 


purple-staining coccoid 


of glucose with the production of 
and the absence of bacteria on serum agar 
subculture suggested the presence of PPLO, 
even though the organisms failed to colo 
nize on serum-enriched agar to fulfill the 
requirements for prLo identification estab 
lished by Sabin." 

To determine 
infectious 


was the 
and the 
poults 


whether PPLO 


cause of the SINUSITIS 
embryo lesions, exudate from the 
infected with the ninth passage yolk ma 
cell-free PPLO 
IX sttecessive times using 1 drop to 
of broth. One-tenth milliliter 


culture 


terial subeultured in 
broth 
seed 2.0 ml 

of the latest 
the infraorbital sinuses of 7 poults. Within 


Wiis 


was inoculated into 
96 hours, 4 inoculated poults had sinusitis 
Exudate from the affected 
sinuses further 


was harvested 


and pooled for studies 


Cultures were made for prio in broth and 
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tissue culture medium. Acid was formed 
in the tissue culture within three days and 
a large number of coccoid bodies were seen 
when stained. A few 


observec on subculture 


PPLO colonies were 


agar from broth 


after ten days’ incubation 

In addition, from the 
poults was placed on the chorioallantoic 
Discrete 


exudate above 


membrane of 7-day-old embryos 


observed on the membranes 


Finally, an at 


lesions were 
after five days’ 
tempt made to 
otie 
Significant protection of embryos was pro 
vided by 1.0 mg 
oxytetracyeline, 


incubation 


was determine the antibi 


sensitivity of this strain of PPLo 
per embryo of erythro 
chlortetracycline, 
this 


prolonging the 


mycin, 


and tetracyeline. Streptomycin at 


level was not effective in 


life of the embryos 


LU SIONS 


these findings, it was con 


strains of 


In view of 
cluded that 
nia-like organisms 
the original 
strain was readily propagated on artificial 


two pleuropneumo 


PPLO were present in 


turkey sinus exudate. One 


medium and was not pathogenic for tar 
The 


pelo did not readily colonize on_serum-en 


keys and chickens second strain of 


riched agar and was capable of producing 


disease The early observations suggesting 


virus etiology were not borne out by subse 


quent eultures and animal infectivity 


studies 
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Observations on a Chicken Embryo Lethal Orphan 
(CELO) Virus 


VANCE J. YATES, D.V.M., and DOROTHY E. FRY, B.A. 


Kingston, Rhode Island 


decade, embryonating 


DURING the 
eggs have been used extensively in research 


( 


past 


and in the production of vaecines. From 
time to time, investigators have found that 
these contamed con 
taminating microorganisms. Some of the 
known to be the causative 
A review of 
Cottral in 
four bae 
evidence 


embryonating eggs 


organisms are 
agents of diseases of chickens 
this subject was written by 
1952.' He listed five viral and 
terial diseases of birds in which 
transmission occasion 
Since that time, Van 

reported that at least 


suggested that egg 
ally took place 
Roekel and Olesink 
one more agent causing a disease in chick 
ens should be added to this list 

This paper gives some observations on 
the isolation characterization of the 
causative virus of another infection of 
chickens that appears to be occasionally 
transmitted by the ovarian route. The 
agent under consideration has been named 
CELO, since it produces death when intro 


and 


duced into embryonating chicken eggs and 
its virulence can only be consistently de 
tected by this means 

The Isolation of the Agent In August, 
1952, a serum sample was obtained by the 
University of Rhode Island laboratory 
from a cow which showed enlargement of 
the superficial lymph The 
was treated with streptomycin (33 mg 
ml.) to control bacterial contaminants and 
inoculated into the allantoic sae of embry 
A set of 6, 7-day 
One embryo died 


nodes serum 


onating chicken eggs 
old embryos was used 
on the sixth day of incubation following 
inoculation and the allantoamnionic 
fluid The aa. fluid 


used to inoculate “a second set of 6. 7 day 


was harvested. Was 


old embryos. Ten days after inoculation, 
Department of Ani 
Kingston 


ed out at 


The authors 
mal Patholog iversity f ode Island 

Part of the di po d here ere arr 

University 
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Experimental Statior 

Presented before the 
and Researet Ninety Third Annua 
Veterinary Medical (asoriation Sar 
1956 


Sections Poultry 
Meetine 


Antoni« 


Combined 
\merican 


2 embryos that appeared dwarfed were s 


lected and fluids harvested. In 
the third passage, 7-day-old embryos were 
again used for inoculation and all died by 
the seventh day 
the fourth and subsequent 
12-, or 13-day-old embryos were used 
but a few 
bryos were dwarfed and succumbed to the 
agent on the third, fourth, or fifth day 
after inoculation 

A second 


their aca 


following injection. For 
Passayes, 1] 
With 


exceptions, all inoculated em 


serum sample was obtained 
from the animal after 
the first. This sample was used to inocu 
late both 7 
but three 


indicate the 


same two months 
and 10-day-old embryonating 
failed to 


infective 


eggs, serial passages 
presence of 
agent 

This strain 
Panciera, and further 
studies were made before the 
other research 
tinuance of the work 

The Isolation of Other Strains of CELO 
From May through July, 1953, an 
agent that caused consistent deaths in em 
three 


CELO agent was designated 


some preliminary 
presstire of 
discon 


caused temporary 


Virus 


isolated on 
used for 


The 


were of 


bryonating Was 


materials these 
varied 
suspension of a calf with a 
Phelp’s strain 
tract of a starling, 


cockerel 


OCCHSIOLIS 


isolations origin; a brain 
nervous «is 
order 4 suspension of the 
respiratory and tra 
cheal exudate of a 
piratory difficulties 

When it realized that the 


produced in embryonating eggs were simi 


show res 


was lesions 
lar in each case and as the embryo death 
and lesion pattern was unfamiliar, it was 


decided to investigate the source of the 


eggs used in the diagnostic laboratory 
Single Comb White Leghorn hens pro 

ducing the eggs for the laboratory we 

flock had 


from hatching 


the University and 


healthy 


progeny of 
apparently 
They had been exposed to the laboratory 


been 


strain of infectious bronchitis virus (1 


and vaccinated for Neweastle disease (Np 
via the wing-web during the growing pe 
blood 


riod. As an initial step in this study 


j J 


samples were taken from all the hens and 
each serum sample was mixed with at least 
of one 
After 
incubation, the mixture was used to inocu 
late 11-day-old embryonating eggs. Neu 
tralization of the agent occurred with over 
half of the serums tested. The birds were 
divided on the basis of this test 
One pen 
were carrying antibodies against 
the virus and the other pen contained 15 
birds which did not have sufficient humoral 
neutralize the 
The birds were trapnested and all eggs 
laid identified and observed daily 
from the seventh through the twentieth 
day of incubation. The a.a. fluid of em 
bryos dying or showing retarded growth 
was harvested and saved for 
trials. The birds in both groups appeared 
normal and their production and hatch 
ability were good. All attempts 
fluid harvested from the 
dead or abnormal embryos were unsuccess 
ful. A second study of the serums of birds 
in the two pens five months after separa 
that all but 1 bird then had 
neutralizing antibodies against 


10° embryo lethal doses., 
strain (Phelp’s) of the CeLo agent 


into two 


and mated contained 20 


hens that 


lots 


antibodies to agent used 


were 


isolation 


isolation 
using the a.a 


tion revealed 
significant 
the Phelp’s strain 


The CELO 


The original isolation of two of the seven 


Characteristics of Virus 

strains studied was made when 7-day-old 
embryos were inoculated with streptomy 
animal tissues 
were 10, 11, 


or 12 days old were used in isolating the 


suspensions of 


Kmbry os that 


cin-treated 
or exudates 


other strains and in each case streptomy 


cin was used to control bacterial contami 
All inoculations were made into the 
allantoic cavity and, after four to six pas 


studied 


nants 


saves, all strains produced con 


death pat 
All infected embryos were notice 


sistent and similar lesions and 
terns 
ably dwarfed and succumbed to the agent 
in two to five days following inoculation 
Some of the embryos resembled those ith 
fected with iv in size, but 


not tightly curled did the 


they were 


nor 


membrane adhere as closely to the em 


Histological studies of a limited 
number of infected embryos destroyed the 
third day failed to 
show definite lesions 

The ceLo virus caused death or dwarfing 
or both when it inoculated 
bryonating chicken 


bry OS 


following inoculation 


Was into em 
sixth 


through the thirteenth day of incubation 


eggs from the 
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When it 
inoculation into the yvolk sa 
uniform death 
12 days ot 


consistent 


was used in 6-day-old embryos, 
resulted in a 
embryos 


more time 


through age, the agent 
duced a 
pattern 
in embryos of different ages, it appeared 
that 10 


most desirable for its propagation 


pro 


mortality and = lesion 


Considering the titer of the agent 


and 11-day-old embryos were the 
In em 
via the allan 


fluid 


bryos of this age, inoculated 
route, the 
ranged from 10° to 10 
The agent also produced deaths but no 
distinet 


tow titer of aa 


gross lesions when it was inocu 
lated onto the chorioallantoic membrane 
Two strains (Phelp’s 
filtered through the 
The filtered 


typical lesions in the chicken embryo 


and Panciera 
Berkefeld (W 
produced 
The 
Seitz 


were 
candle material 
Phelp’s strain was retained by the 
EK filter. Other strains of the 
not tested 

Amounts of 1.0 ml. of undiluted a.a 
fluid were sealed in glass tubes and put in 
a 56. water bath. At 60 and 90 minutes, 
the agent still produced death when inocu 
lated into 11-day-old embryos, but at 105 
minutes the virus was apparently inactive 


avent were 


work 
with chickens indicated that they were not 


Animal Inoculations Previous 


susceptible to the CeLo agent by intrave 


nous, intraperitoneal, intramuscular, and 


intratracheal routes, or by inoculation into 
This work did show, 
birds exhibited 


finally 


the thoracic air sacs 
however, that a few nery 
succumbed to in 


it 


ported that turkeys were not susceptible by 


ous signs and 


tracerebral inoculation was also re 
intramuscular, intracerebral, and conjune 
tival plus 
with the 
found to be refractory 
intramuscular 


Sinus 

Quail 
to conjunctival and 
Rabbits 
not susceptible to intravenous inoculations 
but they high level of 
neutralizing specific for the 


infraorbital inoculation 


also 


CELO agent were 


inoculations. * were 


responded with a 
antibodies 
virus 

Suckling mice inoculated intracerebrally 
with 0.03 ml. of a.a. fluid failed to 
any 


show 
signs of disease 

Relationship of CELO 
Diseases Especially 
Rabbit or 
viruses of ND, IB, 


Virus to Other 
Those of 
antiserum 

laryngotra 

cheitis, fowlpox, and mumps did not neu 
tralize the Anti-CELO pro 
duced in rabbits did not significantly affect 
the titer of IBV or ND\ 


Animal 
Chickens 


against the 


chicken 


avent serum 


in chicken embryos 
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The titer of avian encephalomyelitis 
(AE) virus In young chickens was not al 
tered by adding anti-ceLo serum to the 
inoculum, nor was the titer affected when 
CELO-immune chicks inoculated. In 
trial, the two agents mixed 
and inoculated intracerebrally into young 
chickens. The signs and deaths from at 
were retarded 

The CeLo virus appeared to be related 
to the viral agent (quail bronchitis) iso 
lated by Olson in 1949.° Antiserum against 
the CELO virus produced in rabbits neu 
tralized 10° e.1.d..,,. of the Olson virus. The 
and death pattern in 10- and 11 
day-old embryos appeared to be similar for 
both agents 

Occurrence 


were 


one were 


lesion 


Since the various strains 
studied did not produce clinical signs in 
chickens by most routes of inoculation, the 
occurrence of present or past infections 
was studied by the use of serum-neutrali 
zation tests in embryonating eggs. In the 
usual test, heat-inactivated serum 
mixed with at least 10° e.L.d.,, of one strain 
of the ceLo agent. After an incubation pe 
riod of approximately 30 minutes, the 
mixture was used to inoculate 10- or 11 
day-old chicken embryos via the allantoic 
sac. The survival of over half of the inoe 
ulated embryos was considered as indicat 
ing significant humoral antibodies against 
the agent 

Using this procedure, the birds in 42 of 
the 43 pens in the 1954-1955 Rhode Island 
egg-laying contest were tested.* Birds sub 
mitted to the contest are from many of the 
important poultry-producing areas of the 
United States and it was felt that a study 
of these birds at the time of submission 
would give some valuable information as 
to the occurrence of this infection 


was 


Birds in 37 of the 42 pens tested showed 
evidence of neutralization 

Serum samples from a few randomly 
selected adult birds from the U.S. Regional 
Poultry Research Laboratory at East Lan 
Mich., There was 
significant neutralization in 37 of the 43 
samples from the four nonisolated 
and in three of the 11 samples from the 
four isolated line 15. The latter 
three positive samples were all from birds 
in one pen. A few serum samples collected 
at the same laboratory three 
viously 1952) were also tested but 
of these neutralized the test 


sing, were also tested.‘ 
lines 
pens of 
Vears pre 


none 
strain 


CuicKEN Embryo Lerual 


OrPHAN Virus 659 


Individual serum samples collected from 
4 or 5 birds, in each of 12 
poultry flocks of Wisconsin, tested 
In 11 of the 12 flocks, a majority of the 


serum samples showed evidence of a pres 
infection 


commercial 
were 


ent or The oecurrence of 
studied by using 
pooled yolk samples in place of serum for 
the neutralization test. This procedure 
was used to test five hatchery supply flocks 
and all but one showed evidence of contact 
with the CeELo virus 


past 


the disease was also 


DiIscUSSION 


The isolation of the CeLo virus from em 
bryonating eggs, inoculated with tissue o1 
exudates or both, of varied origin indicated 
that it was likely an endogenous virus of 
the egg. The finding of significant 
tralizing antibodies in many of the birds 
in the University supply flock supported 
the hypothesis. As the CeLo virus has only 


heu 


been isolated occasionally, it seems logical 
to assume that the agent was only present 
in the eggs from these carrier birds during 
a limited period of time, perhaps the first 
week after When the normal 
physiology of the infected embryonating 
eggs was altered by inoculation or by some 
other means, the agent was revealed. All 
studied isolated when 
biotics were a part of the inoculum, sug 
vesting that the might have 
been a factor in disturbing the developing 


contact 


strains were anti 


antibiotics 
embryo 


Limited 
acterize the CELO agent 


investigation was done to chat 
After the 
became adapted to chicken embryos, it was 
easily 


agent 


propagated, as embryos of various 
could be 
effects were consistent 


used and its pathological 
The filtration stud 
ies indicated only that the agent was prob 
ably a virus. The agent 
inactivation by heating, also to the aetion 
of streptomycin 
The CeLo virus appeared to be serologi 


ages 


was resistant to 


cally distinet from the other widely stud 


ied viruses of chickens. It has not been 


determined, however, if this normally in 
apparent agent is a contributing factor in 
any The 
of young chickens with a mixture of at 
and retarded the 
of the nervous manifestations of al 
that 


disease of chickens inoculation 
deve lopment 
This 


these 


CEIA VITUS 


observation seems to indicate 


two may invade the tissue 


cells of the body. As the incubation 


avetts 


tinne 


660 


following intracerebral inoculation of the 
CELLO agent into young chicks usually ex 
ceeds two weeks, the first signs of a dual 
infection (CELO plus Ak) should be 
of at. This appeared to be the case 

The results of the neutralization 
indicated that this agent was widespread 
This situation likely from 
more than one method of transmission 
Besides ovarian transfer, the agent may be 
spread by other 
Krom limited observations, — it 


those 
tests 


has resulted 


aerosol or some means 


appeared 


that the agent is vot highly contagious 


If as suggested, the virus is sometimes 
found in the fertile eggs of apparently 
normal chickens, then the possible pres 
ence of this agent must be taken into ac 
count in vaccine production and in other 
procedures employing embryonating (ZS 
When the agent adapted to 
chicken embryos it frequently produces 
dwarfing similar to that observed in those 
inoculated with my. This may 
fusing factor in the diagnosis of 1B 
possibly other virus diseases 


becomes 


be a con 


and 


SUMMARY 


The isolation of seven strains of a viral 


agent virus) that produced con 
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sistent embryo lesions and death patterns 


is reported. All isolations were made 
from chicken embryos that were inoculated 
with varied 


with 


tissues or exudates treated 


streptomycin to control bacterial 
contaminants 

strains of the 
related to the 


infectious 


Serologically, the CELO 


virus studied were not 


causative agents of bronchitis, 
Newcastle disease, laryngotracheitis, fowl 
pox, and avian encephalomyelitis 

Neutralizing antibodies against the CELo 
virus were found in the serum of chickens 
from some of the major poultry-producing 
areas of the United States 
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A Comparison of the Protection-Inducing Factors in Chickens 
and Mice of a Type 1 Strain of Pasteurella Multocida 


KATHERINE E. YAW, Ph.D., and J. C. KAKAVAS, Ph.D. 


Newark, Delaware 


THE TYPE-SPECIFIC capsular polysaccharide 
of Pasteurella multocida has been reported 
to give protection to mice challenged with 
virulent microorganisms of a 
type but there was no protection 
challenge with bacteria of other 
cal types. 
Smooth or 
of strains of 
types of Past 


homologous 
after 
serologi 
fluorescent colonial variants 
three different 
multocida, though equally 
virulent for mice, vary markedly in their 
virulence for chickens.” Since different 
components of cells of Pasteurella pestis 
are responsible for immunization in dif 
ferent hosts,” experiments were planned 
with a type 1 strain of Past. multocida 
Little and Lyon classification ®) which is 
highly virulent for both chickens and mice 
to determine whether the protection-induc 
ing factors of this strain are the same for 


serological 


both hosts 


MATERIALS AND METHODS 


Cultures Used and Their Maintenance A type 
9137, of Paat 


this investigation, since it 


1 strain, multocida was used in 


is highly virulent for 
mice and chickens when cells of the encapsulated, 
fluorescent dissociant’ are injected. The cells 
of the uneneapsulated or rough, blue (B 

both hosts \ 


is avirulent for chickens but 


variant 


ire of low virulenee for type 3 


strain, 6535, which 
virulent for mice was also used in this study 

The methods and mediums used in isolating, 
growing the 


variants, as well as the eultural and 


maintaining, and desired colonial 


biochemical 
characteristics of these strains, have been reported 
previously 

strain of 


Experimental Animals The 


mice (18 to 20 Gm was used and immunizing 


and challenge injections were intraperito 


Rhode 


immunizing 


given 
Island Red chickens were 2 


intramus 


neally weeks 


old when injections, given 


cularly in the thigh, were started. Challenge doses 


same route when the birds were 


kept 
reported 


vere given by the 
41 weeks old Both 
fter challenge and all 


hosts were seven days 


deaths occurred 


during that period 
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Preparation of Immunizing f{ntigens Crude 


preparation of capsular polysaccharide from the 


Fr dissociant of strain 9137 was prepared in part 


by the method of Carter The bacteria were 
grown for 18 to 20 hours at 37C. on the chosen 
40 large (22 by 200 mm tubes, The 
gar 


cells 


medium in 
growth was removed from the surfaces with 


saline, and the were washed 
with the 


pended in 10.0 mil. of 


physiological 


three times same solution and resus 


solution The bac 
bath 


inne 


terial suspension was then heated in a water 


at 56C, for one hour to partially remove the eap 


sular material and to kill the microorganisms 


Following the heat treatment, the suspension was 


centrifuged, the supernatant containing the eap 


sular polysaccharide was saved for animal injec 


bacterial cells was saved 


10.0-ml 


tion, and the mass of 


for further use. Many portions thus pre 
were combined and «de 
Additional lots of capsular material, pre 
Seitz-filtered before 


pared ignated as capsular 
antigens 
were 


pared in the same way, 


injection into animals to remove any bacterial 
after centrifugation 
tinting, after the 
whieh 


polysaccharide, did not 


cells left in the supernatant 
The F cells of 
removal of the 


strain 9137 rem 
supernatant coutained the 
capsular agglutinate in 
rabbit 
formalin-killed 


washing in 


antiserum induced by the injection of 


9137 B cells However, after re 


peated physiologic il saline mples 


of the 
antiserum to full titer. This 


bacterial cells did agglutinate in 9137 

iggiutination of the 
eells indicated that all capsular material had been 
removed and that the 
These 


in O=“.2 per cent 


intigen ere 


exposed decapsulated washed cells were 


diluted 
adjusted to a 


physiological saline solu 
MacFarland 


and designated as vaccine 


tion, nephelometer 
standard 
strain 9157 grown 


broth 


The pb colonial variant of 
for 18 to 20 hours at 37 ¢ in the chosen 
centrifuged, and the living cells 


distilled 


medium, 
Vater, adjusted 
stored 


nded in sterile 
vaccine ind 


bacterial cell in thi 


turbidity as 
Autolvsis of the 


lowered the eount of 


same 
icebox 
menstruum viable baeteria 


to approximately 10° at the time of injes 


This number of living cells of the ® variant 


host 


tion 


was not virulent for either This living i 

vaccine 

cella of the 
The bac 


15 “> hours at 37 ¢ on 


pension of cells was designated as 


A killed 


variant was 


prepared from 


designated as vaccine 


teria were grown for 


the chosen medium, removed from the agar sur 


face into physiological saline, washed onee, resus 


pended in 0.2 per eent formalized physiological! 
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saline, and adjusted to the same turbidity as 
vaccine | 

The 
of the 


same way. 


cells of the + 


type 3 strain, 6535, was 


vaccine made from variant 


prepared in the 


Virulent 


variant of 


Challe nde 
from the F 


Preparation of Tnoculum 


bacteria isolated colonial 


strain 9147 were always used as challenge inocu 


lums. The methods for its preparation have been 
published.” The number of bacteria in the 0.2 ml 
of the there 


was a tenfold increase in numbers of bacteria in 


10° dilution was less than ten and 


jected with each lower dilution of inoeulum 


RESULTS 


The results of experiment 1 (table 1 
indicate that one injection of the unen 
capsulated living B colonial variant of this 
type 1 strain and three injections of the 
capsular polysaccharide solution protected 
chickens that received challenge doses of 
10° and 10* times greater than that re 
quired to kill 80 and 90 per cent, respec 
tively, of the control animals. ( Unreported 
preliminary experiments in our laboratory 
showed that the cells of unencapsulated 
variant did effectively immunize chickens 


AND 


KAKAVAS im. J. Ver. Res 
IuLY 1957 


and, since it was assumed that the capsular 
material would not protect, more injections 
of the capsular material were given to the 
chickens.) In mice, the capsular antigen 
protected against approximately 10* times 
the number of bacteria that killed 90 per 
cent of the control animals. However, the 
somatic antigens of the vaccine gave little 
protection to the host even with as small a 
challenge dose as less than ten virulent 
bacteria. 

In these experiments, 
performed on all immunized 
which died and approximately 50 per cent 
of the controls, and the livers were cul 
tured. Pure cultures of Past 
were isolated from all livers 


necropsiles were 


animals 


multocida 


unless other 


wise stated. 

In experiment 2 
made in the 
ing antigens to strengthen the proof that 


table J 


preparation of the 


changes were 
immuniz 
the somatic or intracellular antigens of 
the unencapsulated cells of the B 
as well as the capsular antigen, were able 
to protect chickens while only the capsular 


A for 


Variant, 


antigen effectively immunized mice 


TABLE 1—Protection in Chickens and Mice After Immunization with Capsular and Somatic 
Antigens of Type 1 Strain of Pasteurella Multocida 


No. of 
Immunizin injec 


antigens tions” 


Dilution of Percentage 


Amount cballenge i vo survival of 


injection injected inimals 


EXPERIMENT 1 


Somatic vaccine 2 1 
Somatic vaccine 2 1 
Capsular 
Capsular 
Controls 
Controls 


Controls 


Somatic vace 
Somatic vac 
Capsular 
Controls 
Controls 


0 


APERIMENT 2 


Somatic vace 
Somatic Vace 
(Se 
Controls 
Controls 


Somatic vaccine 
Somatic vaccine 
Capsular (Seitz filtered 
Controls 


Controls 


0.2 
0.2 


0 


h.XPERIMEN 


Somatic vaccine 3 1 
Capsular somatic type va ut 
Controls 


Controls 


* Interval between injections was four days 
two weeks 
mouse that 


A Pseudomonas ap. isolated fron 


intervs 


died 


Host 
Chicken 0.2 mi 10 “/1 10 
0.5 mi 10 ] l 
ein 10 10 
10 
10 | 0 
10 
Ve ‘ ne 2 ( " if ) 
ine 2 2 O2n 10 
10 
10) 
Chicken nel 10 
ime mil 10 10 
tz filtered mi 10 
10 l ) 
0.5 ml 10-* 0 
if ) 
2m 10-* 0 
10-4 ) 
10 
war 
| 


PROTECTION-INDUCING Factors IN CHICKENS AND Mic 


cells of the B 


malin-killed 


Variant was used to eliminate the possibil 


suspension of 


ity that some metabolic product produced 
by the living bacteria in the infected host 
was an immunizing factor. The Seitz fil 
tration of the capsular solution removed 
all bacterial cells that remained after cen 
trifugation. Also, if cells of the F variant 
differ from cells of the B variant only in 
the possession of a then upon 
removing this capsule the antigen(s) pres 
ent should be common to both cells, the 1 
and its B dissociant. With vaecine 1, we 
attempted to evaluate this assumption. The 
number of immunizing injections and the 
amounts injected were the same for both 
hosts. A which was 10 
times which 

killed given 
munized chickens and The 
obtained in this experiment corroborate 
the results obtained in experiment 1. The 


capsule, 


dose 
that 
was 


challenge 
than 
animals 


normally 
the im 
results 


vreater 
control 
mice 


bacteria with the exposed somatic antigens 
give protection only to chickens, while the 


solutions containing the capsular material 
vive protection to both hosts 

Since the 
multocida are reported by 


of Past 
Carter to be 


somatic antigen(s 
common to all the serological types of this 
species and since somatic antigen(s) pro 
tect chickens, a vaccine consisting of “any 
type of this should 
Positive results from 


heterologous species 
protect ch ickens 
eontra 


such an would be in 


diction to 


experiment 


results published previously 
evident from 
vaccinated with 


protected 


However, it is experiment 
3 that 


strain, 


chickens type 


6535 KF. were not when 


challenged with a strong dose of virulent 


type 1 culture 


DISCUSSION 


In the this 
paper, the capsular and somatic antigens 
9137 of the 
were 
mice, for 


experiments reported in 


strain serological 
Past 
chickens 


present mn 
l of 


hosts 


tested in 
two their 
ability to immunize them against the viru 
lent The 
maximum possible 


type multocida 


and 
dissociant of the same strain 
amount of 
host by the injection of these 
antigens was not stressed. A crude soluble 
preparation from the was used for 
the capsular antigen while intact cells of 


protection 


for either 
cells 
the unencapsulated B variant were used as 


The 


instead of 


the source of somatic antigen(s 
results of these 


clarifying the 


experiments, 


mechanism(s) of protee 
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add to the 
or else, they 


this bacterium, 
the problem ; 


tion 
complexity of 
indicate that 
pattern 


against 


understanding of the 
differences in 


our 
dissociation and of 
serological types is either incorrect or more 
incomplete than hitherto anticipated 

The type-specific capsular material of a 
type 2 strain of Past. multocida 
reported to protect mice and the 
of these experiments using a type 1 strain 
agree with the reported results 
crude preparation of capsular polysaccha 


has been 
results 


The Satine 


ride also protects chickens. The somatic an 
tigens of this strain of bacterium are not 
protective for mice but are protective for 
chickens. A difference in the 
inducing factors in different hosts has been 
reported for Past 
protect 


protection 


pe whose somati 


antigens guinea but not rats 
and mice 

The 
by which both the capsular polysaccharide 
of Past 
chickens defies 
explanation for 
that a 


mon capsular antigen is present in varying 


pigs 


mechanism of an immune 


respotise 
and the somatic antigen(s multo 
protect 
One 
mechanism 


cida precise iter 


pretation possible 


such a might be com 
amounts on both the encapsulated and thi 
unencapsulated cells and that this common 
antigen is differentially more antigenic for 
chickens than mice. Carter ® reported that 
strains which yield a large proportion of 
a small amount of 


While 


protection in 


B variants do POSSESS 


capsular polysaccharide studying 


the mechanism of chickens 
immunized with the unencapsulated B 
some evidence of in 


riant, there has been 


phagocytosis of the encapsulated 
cells of the 


This antigen-antibody 


ereased 
virulent 
challenge 


Variant used im the 
reaction 
strongly suggests 
the cells of the B 
the same poly saccharide or so closely 
that 
reports 


an antigen present on 


variant which is either 
siti 
reactions occur 
Carter that Past 
addition to the type Cap 
antigen which 


this species 


lar chemically CrOSS 
multocida 
has, in specifi 
material, a somatic 
to all 


Pry athe however 


sular 
is common members of 
differences in 
between isolated 
those from 
Doubly ‘in which the 


produc tion 


reports 


somatic antigens strains 
from cattle and 
A recent 


colonial 


isolated fowl 
report by 
used ith the 
with high 


mentioned, suggests the pron 


variants 
of rabbit antiserum agyvlutinin 
titer are not 
sibility of different 
the variants with the type-specific capsule 


The 


somatic antigens, since 


are almost inagglutinable results re 


CLY 1987 | | 
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ported in this paper suggest the presence 
of different 
intracellular 
ferent 


somatic antigens (or possibly 
strains of dif 
There 
present in all 
different ad- 


different 


antigetis in 


serological types might be 


4 common somatic antigen 


members of the species and 


ditional somatic antigens on the 
serological types 

The virulence for chickens and 
the type 1 strain of Past. multocida 
in this study has been reported.’ It 
been noted during the past year that while 
this strain for 


virulence for 


mice of 
used 
has 
mice has 
chickens 
It has not been possible to 


the virulence of 
been constant, the 
has decreased 
attribute this decrease in virulence to sub 
clinical infection in the control animals 
and it has not 


the virulence by a single passage through 


been possible to restore 
possible to 
100° viru 


Within 


chickens. Previously, it) was 
kill all chiekens with than 
lent bacteria in two to three days 


less 


the last year, the time required and the 


number of bacteria to kill have 
both increased. It is possible that for this 
host, there is an additional virulence fae 
tor which is lost after prolonged cultiva 
medium 


necessary 


tion on artificial 


SUMMARY 


Crude preparations of capsular poly 
saccharide from a type 1 strain of Pasteu 


rella multocida protect chickens and mice 


AND J. C 


Ver. Kes 


1957 


KAKAVAS 


virulent bac 
Intrace! 
both, 


with the 
Somatic or 


against challeng 
teria of this 
lular antigens of the B variant, or 
protect chickens but do not 
when challenged with the virulent culture 
Possible explanation of these phenomena 


strain 
protect 
are discussed 


that the 


of the various serological 


It is suggested protective so 
matic antigen(s 


types may differ 
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Surgical Technique for the Exteriorization of 
the Ureters of the Chicken 


J. M. DIXON, D.V.M., and W. S. WILKINSON, Ph.D. 


Baton Rouge, 


METABOLISM STUDIES in chickens and other 
fowl have been handicapped due to the 
common excretory pathway for urine and 
fecal matter. Surgical techniques allowing 
separate collection of urine and feces have 
been reported, but these are not adaptable 
where larger numbers of birds are to be 
used in long-term experiments 

In 1886, a method of separate urine col 
lection for a short time was reported.’ It 
involved ligation of the rectum anterior to 
the cloaca of anesthetized geese. In 1903, 
a similar technique was described in which 
an artificial created to prevent 
fecal contamination of the urine during 
longer periods of study 

In 1940, an operation was developed for 
exteriorization of the ureters of 
which the dorsal portion of the cloaca was 
elevated on the pygostyle.® A 
of this technique was used in 1955 to study 
the incorporation of the methyl group of 
methionine into urinary urie acid in 5 
week-old chicks.‘ 

In 1942, two surgical methods which al 
lowed separate urine collection were in 
vestigated.” A method was developed for 
exteriorization of the ureters dorsal to the 
vent through fistulous tract which 
proved to be superior to the creation of an 
artificial anus, particularly for long-term 
studies 

The surgical technique described herein 
is similar to the last one® except that the 
fistulous tract to the rectum has been elim 
inated. The operation is rapid and simple 
which allows large numbers of birds to be 
so modified and once healing has occurred, 
the bird may be used indefinitely 


anus Was 
hens in 


modification 


SurGICAL TECHNIQUI 


The 


stages 


operation is performed two 


The first stage involves the exteri 
their attach 


orization of the ureters and 


Science and Pou 


Experiment Station 


Departments of Veterinar 
tr Industr Lou 
Katon Kouge 

Published 


isiana Agricultural 

approval of the director of the 
Experiment Station 

the assistance of Hayden K 


illustration 


Louisiana 


dorsal to the 
stage involves complete isola 
from the cloaca. Ap 
should be allowed 
first and second stages of the 


ment to the skin 
The second 
tion of the 
proximately 


between the 


just vent 
ureters 
one week 
operation in order that a blood supply to 
the exteriorized portion can 
lished and thereby prevent 
When the 


become estab 
sloughing of 
the tissue second stage is pet 
formed 

The midline 
made through the skin, perineal muscle, 
the dorsal of the cloaca (fig 
la). The incision is approximately 1 inch 
in length for the hen, The incised edges of 
the vent are laterally and the 
incision is extended dorsally through the 
skin and perineal muscle (fig. 1b The 
perineal this mostly 
aponeurotie tissue. The then 
retracted posteriorly and the incision is 
extended anterolaterally on each side to a 
point just lateral to each ureteral opening 
(fig. le must be taken in making 
this incision not to cut a ureter or to pene 
trate the peritoneum 

Simple interrupted mattress sutures 
with No. 0 braided silk or No, 40 cotton 
thread, are used to unite the reflected mu 
of the urodeum (fig. ld) to the skin 
below the pygostyle. Sulfathiazole 
and penicillin erystals are sprinkled in the 


before closing 


initial, vertical, INCISION Is 


and mucosa 


retracted 


muscle in area 1s 


urodeum is 


Care 


cosa 
just 
incision These sutures ar 
removed after five days, The incised edges 
of the dorsal lip of the vent are not su 
tured 

The second stage of the operation is pet 


They are left as an open wound 
formed two days after the sutures are re 
Starting 


sion suture is placed in the mucosa on each 


moved near the midline, a ten 


side, on a line midway between the ure 
teral openings and the opening of the ov) 
duet (fig. le 
for retraction, a 
through the mucosa between the ten 
and the 

The 


Using these tension sutures 


transverse incision 
made 
opening of the ovi 


reflec ted 


sion sutures 


duet fig. le mucosa IS 


posteriorly approximately by blunt 


dissection, again using care to avoid eut 


ting a ureter or to penetrate the perito 


~Pyqostyle 
\ 


a 


\ Line of incision 

Urodeum 


Tension sutures 


Line of incision 


Fig. 1 


Extension of incision 
Uredeum 


Ovyiduct opening 
Anus 


“| ly / 


b 
« Ureteral openings 


Oviduct opening 


Anus 


Modified purse-string 
suture 


Simple met tress 
sutures 


Pygostyle 


-Ureteral openings 


Surgical technique for exteriorization of the ureters of the chicken: (a, e 


and d) 


first stage and (e, f, and g) second stage 


+ 
| —Line of incisio 
Vent 
| 4 
/a 
KES XS \ 
| 
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4 
f 
ky 
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EXTERIORIZATION OF 
neum. The mucosa containing the ureteral 
openings is now completely isolated from 
the mucosa of the cloaca. 

To close the wound, the cut edges of the 
vent are freshened by the removal of all 
A modified purse-string suture 
is placed (fig. 1f) beginning on the right 
side, through the skin, perineal muscle, the 
mucosa of the cloaca (anal fold), perineal 
muscle, and skin. The suture is continued 
dorsally through the skin and perineal 
muscle across through the perineal muscle 
and skin of the right side where the knot 
is tied. Then, the wound in the dorsal lip 
of the vent is closed with simple inter 
rupted mattress sutures (fig. 1f). As the 
sutures are tied the dorsal mucosa of the 
cloaca and the dorsal lip of the vent are 
reunited. Sulfathiazole and penicillin crys 
tals are sprinkled in the incision before 
Simple interrupted sutures 
unite the 
rounding the ureteral openings to the skin 


(fig. lg) 


scar tissue 


closing are 


used to isolated mucosa sur 


d urine collection apparatus, composed 
of a canvas harness, can now be put in 
place to hold the urine collection bag in 
This will healing of the 


place hasten 


URETERS OF 


CHICKENS 667 
wound by protecting the incision from the 
urine. The urine collection bag is made 
from 2-inch (diameter) latex tubing. The 
feces are collected in dropping pans The 


sutures are removed in five to seven days 


SUMMARY 


A method for the exteriorization of the 
ureters of the chicken is described and il 
lustrated. This operation modifies the bird 
to permit quantitative collection of uncon 
taminated urine and 
studies. This technique is applicable to 
chickens and other poultry. The operation 
does not interfere with normal laying 


feces for metabolism 


References 


Minkowski, © Einfluss der 
pation auf den Stoffwechsel Arch. f 
Pharmakol., 27, (1886 41 (cited by 

* Milroy, T. H The 
J. Physiol 1908 47 

Hester, H. R and Mann, } 
eretion of Urine in the Gallus Domeati 
Am. J. Physiol, 128 { 92-602 

* Sime ss and Johnson B. ¢ Metaboliam of 
Methionine C'™H, in the Chick Il. Distribution of ©" 
in the Urinary Uri Acid Molecule J. Biol. Chem., 217 
(i955 41-44 

*Hart, W. M H. } 
in the Chicken 
ence to the Kole of the Cloaca Am. J 
1942 657-668 


Leber den 
exper 
Hester 
Formation of Ur Acid 


Water Metabolisn 
Special Refer 


Vhysiol 146 


Gallus Domeatious with 


“Atomized” Distemper Vaccine of Avian Origin 
11. Field Experience in Mink 


D. W. JOHNSON, D.V.M.; V. J. CABASSO, Sc.D.; 
K. HUFFMAN, B.S.; M. R. STEBBINS, M.S. 


Pearl River, New York 


THE PREVIOUS 
experimental results obtained with either 
dust or aqueous ‘‘atomized’’ distemper 
vaccines Of avian origin in ferrets and 
mink. Whereas the dust vaccine elicited no 
apparent response in ferrets, the aqueous 
spray afforded 100 per cent protection of 
the animals on challenge and was selected 
for a limited laboratory trial in mink. Al 
though the over-all response, as measured 
by the complement-fixation (CF) method, 
was 59 per cent in animals of the latter 
species, the results encouraging 
enough to warrant a further investigation 
of the method on a larger scale. 

This communication reports the results 
aqueous atomized mink 
field trial conditions 


COMMUNICATION ' reported 


were 


of an vaccine In 


MATERIALS AND Mernop 


Strain The chicken 
preparation of 
that 


Virus embryo-adapted vi 


rus used in the experimental vae 


eines was the same as reported in the 


companying paper.’ 


Kerperimental Vaccines Two lots of vaecine 
(6368-30A, trial 1, 6368. 34A, trial 


prepared as follows: an aqueous 40° per 


and were 


sus 
made with infeeted em 


pension by weight was 


(chorioallantoic membranes and 
After 


for 20 minutes, the elear 


bryonie tissues 


whole embryos centrifugation at 2,000 


supernatant was 


amounts in glass vials and 
state. The 


distributed in 33-ml 
from the 
ber-stoppered 
until used, Baeterial 
tests 
lots of vaccine 


Vethod of 
constitution 


vials were rub 


stored at 


dried frozen 


under vacuum, 


animal 


sterility, safety, and 


potency were carried out as for commercial 
After re 


water, the vae 


Vaccine 


ipplication of 


with sterile, distilled 


cine was applied while the individual animal was 


trapped in a nest box, It was too late in the sea 


son to spray entire families before separation of 
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means of a DeVil 
eork 


eylinder of 


the kits 
biss 40 
The 
water- pumped 


** Atomizing was bs 


nebulizer*® with the side removed 
connected to a 
and the 


sufficient to deliver 5 ml 


nebulizer was 
nitrogen, vaccine Was ex 
pelled under a pressure 
in four to five minutes 

Kquipment Required.-For optimal applieation 
of the 
the equipment 
after 


iverage mink 


ranch conditions, 
decided 


important to the 


atomized vaecine under 


shown (fig. 1 was upon 
consideration of faetors 


cost, ete. 


rancher, such as mobility, 
It was found expedient to have on hand sufficient 
slides to trap about 60 mink at a time 
Results Sines the 


challenge with virulent 


method of 


always been 


Kkvaluation§ of 
virus has not 


found reliable in determining the immunity of 


mink to distemper, results in these trials were 


method «as deseribed pre 


heart 


evaluated by the cr 
Blood 
puneture before and after vaccination from a rep 


viously. specimens were secured by 


resentative sample of the animals. The 
separated from the clot on the day of 
and stored at 4C tested 


serum Was 
bleeding 
until 


EXPERIMENTAL PROCEDURES AND RESULTS 


Ranch Trial 1 (Aug. 23-26, 1955). 
This ranch had a total population of about 
10,000 adult and young mink. Of these, 
1,030 kits were vaccinated. They were of 
3 months 
pre 


pastel and dark breeding, about 
of age, and had not 
viously 

Some 
initiated, 


been vaccinated 
trial 
losing a 


infection 


the 
ranch started 
Distemper 


before vaccination 
the 
few daily 
Was suspected to be present, as distemper 
mink 
However, a 


time 
Was 
animals 
from single 
the summer 


virus was isolated 
carcass early in 
condition other than distemper, which re 
mained unidentified despite serious labo 
ratory efforts, was indicated by continuous 
moderate losses throughout the summer 
and fall 

Using a constant rate, 
atomizing was carried out at four different 
time exposures: 60, 40, 20, and ten seconds 
per nest box. Two hundred and fifty ani 
mals were exposed for each of these inter 


40 additional kits received 1 ml 


vaccine delivery 


vals, and 


The DeVilbiss Co 


Hos 
— nese ~ 
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of the same vaccine subcutaneously. The 
rest of the mink on the ranch, almost 
9,000, were vaccinated subcutaneously by 
the owner with a commercially available 
preparation. 

The nest boxes were of relatively tight 
construction and had no inside partition. 
The nose of the nebulizer was introduced 
into a hole drilled for the purpose on the 
face of the box, and it was possible to hold 
the nebulizer in a vertical position. At the 
time of application of the vaccine, the bot- 
tom and side openings of the boxes were 
closed by sheet-metal pieces cut to fit over 
these openings. After delivery of the vae- 
cine, the atomizing holes were stoppered 
with corks, and the boxes were left tightly 
closed for at least ten more minutes. The 
interval between atomizing and postvacei 
nation bleeding was six weeks. Of the 
approximately 25 animals from each time 
exposure group which were bled before 
vaccination, 17 to 21 were bled after vaeci- 
nation. Losses were caused by intercurrent 


340 mink.) (2) Nitrogen cylinder regulator. 
(4) Rubber tubing—vacuum type (50 ft.). 
tures. 


‘*Aromized’’ DisteMpeR VACCINE OF AVIAN ORIGIN 


infection on the ranch or by the bleeding 
procedure. In addition, postvacel 
nation samples were obtained from animals 
vaccinated subcutaneously, 

The results of this trial were favorable 
(tables 1 and 2). Blood specimens from 
the 60-, 40-, or 2O-second exposure groups 
were 100 per cent positive, with substan 
tial CF antibody titers, as were those of the 
subcutaneous group; whereas only 41 per 
cent from animals exposed for ten seconds 
became positive. The fact that 59 per cent 
of the animals of this latter group re 
mained negative six weeks after application 
of the vaccine strongly suggests that the 
supposed distemper infection on the prem 
ises had little or nothing to do with the 
response of the mink kits in this trial 

Ranch Trial 2 (Nov. 1-2, 1955).—The 
purpose of this second trial was to confirm 
the findings reported above with regard to 
time of exposure and to determine whether 
the use of corks following exposure was 
necessary. 


sevell 


Fig. 1—Equipment used for application of “atomized” distemper vaccine. 
(1) A cylinder of water- or oil-pumped nitrogen. (A 64-cu. ft. cylinder is sufficient for about 


(3) DeVilbiss 40 nebulizer containing vaccine. 
(5) Sheet metal slides for closing nest box aper- 
(6) Stop watch (watch with a sweep second hand can also be used). 
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TABLE 1i—Ranch Trial 1—Complement-Fixation (CF) Response of Mink Kits Exposed to 
“Atomized” Aqueous Distemper Vaccine for Various Time Intervals 

No. dead 
of inter 
Pre-exposure Cv results current No. bled 
Exposure No infec 6 weeks , 
time ox ‘oO tions or postex : 
posed tested AC bleeding posure Po Neg Pos 
40 250 24 i 1” on 
20 250 24 I l 100 
10 250 24 ‘ 41 
Subcutaneous 
Serum anticomplementar 
The mink kit population of this ranch number of animals by heart puncture. As 


of 510 of both 
months of Kighty per cent 
were sapphires, 10 Aleutians, 5 dark, and 
5 pastels. To the owner’s knowledge, there 
had been no distemper infection on the 
ranch in recent years and no vaccine had 
been used there since the kits were born 


consisted animals SEXES, 


about 5 age 


Atomizing was done as in the previous 
trial, except that only three time exposures 
were used and, following delivery, the at 
omizing holes of only half the nest boxes 
were plugged with corks. Details pertain 
ing to the setting up of this trial are given 

table 3), 

The random 
intended to ascertain the absence of 
cF antibodies in this age group. Animals 
of group 8 were left unvaccinated for pur 
poses of comparison, so that the owner 
could see whether vaccination at this time 
of year would have an effect 
the furring-out and priming of the ani 
mals before pelting. The subcutaneously 
vaccinated group was included for proof 
of potency of the vaccine 

Because of a bleeding factor in the sap- 
phire strain of mink, an arrangement was 
made with the owner that postvaccination 
blood samples would be secured only at the 


prevaccination sampling 


Was 


adverse on 


time of pelting, so as not to lose an undue 


it was, 11] kits died as a result of prevacei 


nation bleeding. Because of the early on 


set of cold weather, pelting took place 


TABLE 2—Ranch Trial 1—Complement-Fixation 
(CF) Titer Range of Mink Kits Six Weeks After 
Exposure to “Atomized” Aqueous Distemper Vac 


cine 
Exposure titers 
time No 
tested 1-4 1:4 1:16 1 1:64 1:128 
40 1 12 
20 i 4 
10 4 
Subcutaneous 
vaccination 4 


sooner than usual and most of the postvac 
cination testing was done at 30 days. As 
shown in table 3, a total of 155 blood speci 
mens was obtained at the time of pelting, 
all from the sapphire 144 
taken at 30 days and 11 at 45 days 
and 
for distemper antibodies by the cr method 

All prevaccination bleedings were nega 
tive. Results 
(table 4) 


satisfactory 


were 
Pre 


postvaccination samples were tested 


strain 


on postvaccination samples 
indicate that the vaccine was of 
the 3 


were 


potency, since animals 


inoculated subcutaneously positive 


TABLE 3—Distemper Vaccination and Bleeding Schedule of Mink Kits in Ranch Trial 2 


». of me 
No. of Exposure rum samples 
Group No. of Mode of kits bled time Corks tested post 

No kits vaccination prevaccination (see aed vaccination 

0) Spra 10 Yeu 

0 Spra 10 10 No 

Spra v0 Vou 

0 Spra 10 2 

i4 10 6 
6 Spray 10 
I ml ibeutar 
~ 116 None one 


TABLE 4—Ranch Trial 2—Compiement-Fixation 
(CF) Response of Mink Kits Exposed to “Atom 
ized” Aqueous Distemper Vaccine 


Ne 
ix 
Ni 
40 Ye 6 l o4 
i No ‘ 
4 
Jisregardit 
1 gr 11 76 
Subcutaneous 
nccination 100 


The response to atomized vaccine, however, 
varied between &O per cent 20) seconds. no 
per { 10 


suggesting that the use of corks is 


corks) and 6 seconds, no 
corks 
not necessary, providing an adequate ex 
When calculated 
on the basis of total kits sprayed, the over 
all cr response was 59 per cent. This figure 
includes given the 10-second ex 
posure time, which was shown to be insuffi 
clent in ranch trial 1. By omitting this 
latter group of animals from calculation, 
the 


creases to 68 


posure time is employed 


animals 


percentage of positive specimens in 
It was of interest in this trial that 


November, whether by 


vac 
cination in atom 
ized vaccine or by the subcutaneous route, 
had no adverse effect on the quality of the 
fur when vaecinated 
mink were compared 


and unvaccinated 


Disct SSION 


The vaccination of mink under field con 
dlitions atomized 
was found practical for rapidity and con 
venience of administration and, using the 
CF response as the eriterion for acquired 
resistance, to a large extent effective. Al 
though the method had given 100 per cent 
protection to ferrets under experimental 
conditions, its immunizing potential seems 
predictable on the mink ranch 
Whereas all the animals exposed for over 
20 seconds exhibited positive cr titers in 
the first trial, only 68 per cent did so in 
However, immunity to distem 
per may not necessarily be associated with 
the But that 
they do meastire 


with an aqueous vaccine 


less 


the second 
presence of cr antibodies 


constitute a legitimate 


DisteEMPER VACCINE Ot 


AVIAN ORIGIN 671 


wient Of immunity seems to derive from the 
fact that all animals vaccinated 
neously gave positive CF 


subcuta 
results 

The discrepancies observed between the 
findings in the two 
part have been caused by the fact that the 
experimental 
different strains and that the time of post 
exposure bleeding may not have been opti 
mum in the second trial. Also, the nature 
of this vaccination procedure is such that 
there may always be unforeseen variations 
in field Despite its limitations, how 
the atomizing method may be of 
value in establishing a substantial herd 
immunity, providing it is used under spee 
ified 

The time of exposure to the 
is Of great importance 
the conditions of these trials, appears to be 
the minimum 
of spraying in multiples of 20-second pe 
should a mother her litter be 
simultaneously atomized in the same nest 
The physical condition of the box is 


ranch trials may in 


herds involved belonged to 


ise 


ever, 


conditions 
Vaccine mist 
20) seconds, under 


This suggests the necessity 


riods and 
box 
It should be of reason 
free of 
The necessary apertures 
reached for fitting 

the time of 
atomizing hole 


also of importance 
ably tight 
eracks and holes 


construction large 
should be conveniently 
with sheet-metal slides at 
The size of the 
should be kept at a minimum, just large 
enough to accommodate the the 
nebulizer. The latter should be kept in a 
vertical position during application of the 
vaccine for optimal delivery and to avoid 


spraying 


nose of 


Finally, atomizing must be car 
ried out at temperatures above freezing to 
avoid ice formation in the capillary tube 
the 


leakage 


within nebulizer 


SUMMARY 


An aqueous “atomized” distemper vac 
cine of avian origin was evaluated in a to 
tal of 1,390 mink on two separate ranches 
and was found eapable of eliciting comple 
ment-fixing 100) per 


cent of animals following a single applica 


antibodies in 68 to 


tion 

A minimum exposure time of 20 seconds 
per animal was found necessary when the 
vaccine was apphed under nitrogen pres 


sure by means of a DeVilbiss 40 nebulizer 
at a delivery rate of 5 ml. of 


four to five minutes 


Vaccine 


Ringworm in Wild Animals in Southwestern Georgia 


ROBERT W. MENGES, D.V.M., M.P.H.; GORY J. LOVE, B.S.; 
WILLIAM W. SMITH, Ph.D.; LUCILLE K. GEORG, Ph.D. 


Atlanta and Newton, Georgia 


IN avGustT, 1954, a study was initiated to ResuLTs 
determine the prevalence and the etiologi iy) 
cal agents of ringworm in wild animals in 
southwestern Georgia. The purpose of this 
paper is to present the findings accumu 
lated during the period of Aug. 26, 1954, 
to Sept. 23, 1955 


Most of the reports concerning ringworm 


the survey, hair specimens from 
1,142 wild animals of 21 species were cul 
tured and dermatophytes were isolated 
from 8S (7.7%, table 1 None of the 
hair specimens showed fluorescence, and 


none were positive on direct microscople 


eXamihation 


in Wild animals have been deseriptions of 
isdlated cases or epizootics. Menges and 
Georg ' have summarized the literature on 
wild animal isolations of dermatophytes ; 
exclusive of captive animals, only two 
organisms have been recovered: Tricho 
phyton mentagrophytes from foxes, mice, 
muskrats, rabbits, and squirrels, and Tri 
thophyton schoenteint from mice 

This report presents a survey of appar 
ently normal wild animals. Only 16 of the 
1142 animals examined had visible skin 
lesions. The lesions were all observed on 
Norway rats and no dermatophytes were 
obtained from these animals 


MATERIA! AND Merrnope 


Hair pecimens were obtained from 
trapped by the Communicable Disease Center 
Newton Field Station at Newton, Ga. With sterile 
forceps, hairs were plueked arbitrarily from. the 
nose and back of the animals and placed in elean 
envelopes. These were mailed to the Myecologs 
Unit in Chamblee, Ga., where the specimens ‘ 
checked with a Wood's lamp for fluorescence and, 
after treatment with 10) per eent potassium hy 
droxide, a direet microscopic examination for fut 
gous elements was made Following these exami 
nations, other hairs from ench specimen were 
placed on evyeloheximide medium ind the eultures 
were held at 25 C, for a minimum of one month 
before being discarded as negative 

Soil specimens were obtained from some of the 
areas Where animals were trapped The speei 
mens were cultured by the hair baiting techmique 


developed by Vanbreuseghem used the 


uecessful isolation of Microsporum qgupscun 
soil by Ajello” The samples were gathered from 
the upper surface of the collection site by serap 
ing the soil directly into botth 


From the Communicable Disease Center, Bureau of > . 
State Services, Public Health Service, | Department Fig. 1—Microsporum gypseum macroconidia. 
of Health, Education, and Welfare, Atlanta and Newton x 4/5 
Gin Fig. 2—Old-field mouse (Peromyscus polionotus) 
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TABLE 1—Wild Animals from Which Hair Specimens Were Cultured and Number 


and 
Percentage Positive with the Organisms Isolated 
i 
[rich 
m phyt 
gyupaeum enta 
nita ” ar t phyt 
( i(b pl yin 
‘ P won i 
triped skunk Vephitis mephit 
| if pes fulva 
Gray fox (1 yon cinereoargent 
iH it domestica 
at (Lune f 
tern ‘ i S 
astern fe quirre niger 
la sto Reithrodontomuan hur 
‘ field potion ; 
Cotton n opi 4 
‘ the 
‘ 
" i ‘ 
iv rat (Ratt n veg i 
at Ratt ‘ 
asterr ott« t 
i4 i 
TABLE 2—Number and Percentage of Rats Infected with Ringworm According to Age 
Youn Subadult Adult n rotal 
Anin 
Rattus norvegicus 
Roof rat (Ratt: ratlhy 1 i 0 44 
' ber rat ‘ ned number positive i nta porit 
TABLE 3—Wild Animals from Which Hair Specimens Were Cultured and Number and 
Percentage Positive According to Sex 
lal Female 
t 
‘ ned ‘ ned 
‘ n (Procyon lotor 
ped it Vephitia mepl 
at doamenst i 
t (Lyne 
winner 
istern f rr 
tr Reith lontomya i4 i 
Old in Ie mu j i ' 
it Ve mu wi ; j 
‘ ‘ / mun 
Pitym pinet 
‘ t at m i ‘ 
it Veotom lay 
it ( Rat tt 
ttonta rabbit 
dan 
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Three different organisms were isolated 
( fig ] from old-field 
Norway rats; M 
harvest 


gypscum mice 
fig. 2 
‘red variety’ (fig. 3 

old-field 
4 

and woodrats: mentagrophytes (fig 
from old-field 


mice, house mice, cotton rats 


and gypseum, 


from mice, 


mice, cotton mice, golden mice 


house mice, cotton rats (fig. o 
and 7 
OPOSsun, mice, cotton 
Norway rats, 
and roof rats 

The red variety of M 
from the typical M. gypseum in 
had thicker 


developed a deep 


gypseum differed 
that the 
walls. and the 


blood red 


macroconidia 


colony 


Fig. 3—Microsporum gypseum (red variety) mac 
roconidia., x 475, 


Fig. 4—-Golden mouse (Peromyscus nuttalli) 


ment in the agar. A similar organism was 
isolated from soil obtained from Idaho and 
Washington by Cooke,’ from Michigan by 


A jello, 


Georg.’ 


and from Georgia by Menges and 


ave ot the 


390 Norway 


Data concerning the animals 


were obtained only for rats 
table 2 
with 
$2 in adult 
Of the 1,142 animals examined, 532 


and 84 roof rats The percentage 


positive decreased ave from 12.5 in 


young rats to only rats 


605 females: the sex 


table 3 


were 


males and 


was unknown Among the spe 


cies In Which the numbers examined were 


adequate for a comparison, the findings 


There 


infection rate of 


were variable appeared to be no 


the 
differ 


¢ 
males 


difference in the 


of the Norway rats, but a marked 
14.7% 
old-field mic 


distribution of 


ence of infeetion 


males) among the 


The 


in these 


seasonal rineworin 


wild animals is shown (table 4 


The seasonal peak (13.5%) occurred dus 
March, April, and 
A comparison of the seasonal peaks 
l old-field| mice, (2 


all species, indicated 


ing the spring months 
May 
of three 
Norway rats, and (3 
that the peak month for all of the species 
April (20.89% 
13.0% 


groups, 


anotiet 


old-field) mice 


with lowe 


he 


Was ll 
peak in July 
had 


a peak in April and another in Au 


sho ved low 
J uly 


ringwortn 


The 


in February, 


No! 
Api il 


studies done 


rats peaks 


May, and 
prior to the 


Popu 
lation 
survey indicated that feral rodent popula 
proportions about one 


tions reached peal 


year prior to the beginning of the survey 
The location of the wild 
worm cases in Georgia Is 


When all included, the 


positive 


animal 


table 


ring 
shown 
spr cles were 


centage was similar for the four 


counties where most of the animals were 


trapped; however, there was some varia 


tion in the distribution of infection in the 


rats and mice 


animals were trapped are shown 


habitats in which 672 of the wild 


table 6 


A comparison of the habitats is not 


Poss! 


bie because adequate numbers were not 
sampled in all categories 


When the 


eultivated Wis 


fields 


it Was 


number of vez 


compared 


‘ 
>»? 
AW 
a 
| 
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4—Wild Animals from Which Hair Specimens Were Cultured and Number and 
Percentage Positive, with the Organisms Isolated According to Season 


Winter 
Spring 
Summer 


Fall 


lota 


ichophytor 
mentagro 


phytes 


Fig. 5—Cotton rat (Sigmondon hispidus). 


Fig. 6—Trichophyton mentagrophytes microconidia and macroconidia 


that the 
trapped in the 


found percentage of infection in 
older fields 


markedly dif 


animals Was 


somewhat greater, but not 
ferent 

The habitats from which M 
was isolated from soil in three counties in 
(table 7 A total of 
were cultured, with 16 
Most of the isolations 


ij pase 


Creorgia are shown 
62 soil specimens 


positive 26H 


x 4/5 


were from soil collected under and around 
All of the isolates were the typical 
ajellan 


barns 
qypseum 
isolated from one soil specimen from undet 


Keratinomyces Was 


a house 
It is of interest that on one 
Mitchell County where the red variety of 


21.6% 


farm oon 


M. gypscum was isolated from 18 


of 65 rodents trapped, the soil specimens 


TABLE 5—Location of Surveys for Ringworm Infection of Wild Animals in Georgia 


™ 
thy olat 
sporum 7 
umined No ypaeum ariet 
6.0 
| 1,14 ala 
Months included winter, December to Februa prin Vl h to Ma amt June to A int 
na f September to November 
~ 
> 
i ~ ; 
Douchert 


SMITH——GEORG 


TABLE 6—Habitats Where 672 Wild Animals Were Trapped 


Type 

of habitat 
Fields 
Hottomland 
sird feed patch 
Woode (pine, oab 
Karn (mule, dairy 
Swamp and milo field 
Old road 


Includes corn 


ed, and open fleld 


from 20 cultured and found 


negative 


areas were 


DISCUSSION 


This survey of wild animals revealed 


that ringworm infection caused by 7. men 
tagrophytes is apparently common among 
rodents. It is of interest that these animals 
harbor this fungus without demonstrating 
any clinical signs of infection and may be 
a source of 7 
man in rural areas 
have direct 


mentagrophytes infection in 
Human beings do not 
need to contact with rats in 
order to aequire infection, since dermato 
phytes on hairs or skin seales may remain 
Viable for many months and certain areas 
of farm premises, especially feed bins and 
barns, may be contaminated by spores and 
infected shed by 
of their ubiquity and abundance, rodents 
would constitute a more likely 
than the 


fected dog or other farm animal 


hairs rodents. Because 
souree of 


human infection occasional in 
Trichophyton mentagrophytes has been 
three 


and, in these instances, hairs from 


isolated from soil on only occa 


SLOTS 


infected animals may have been present 


TABLE 7—Habitats from Which Microsporum 
Gypseum Was Isolated from Soil in Baker, Mitch 
ell, and Grady Counties, Georgia 


neultivated fleld 
Planted pine tree 
Pine and broomeed 
Thick oak pine wood 
\round barns 
nder barns 
Smoke houne 
Vacant garage 


nder houses 


Total * 


A 


apecimer 


In cultural studies of 439 soil samples, 
T. mentagrophytes has never been isolated 
Thus, little 


that this fungus exists as a saprophyte in 


there is evidence to suggest 
nature 

Wicrosporum Gypsctm is a common soil 
infections would be ex 
The 


isolated 


and 
wild 


saprophyte 
pected in 
of WM. gypseum 
quently from the 
the typical WM. gypseum 
the However, th 
been isolated 
Further 
animals 


animals red variety 
most fre 
but only 


from 


Was 
wild animals, 
Was isolated 


soil red variety has 
in other areas.’ 

wild 
the 


would aid materially in the 


from soil 
and domestic 
United States 
understanding 
These 


Wav to 


studies of 
throughout 


ringworthi 
the 


ringwortn it 


of the epidemiology of 


studies may eventually point 


ward the control of man and 


animals 
StUMMARY 


of 1,142 wild animals of 21 


species for ringworm, dermatophytes were 


a surveys 


isolated from hair specimens of 88 (7.7% 
The 


rosporum gypseum Trom 


of the animals organisms commonly 


isolated were 
Peromyscus polionotus and Rattus norve 
‘red variety a from 
humulis, 


/ CTOVLYSCHS 


M 


pse wee 
Reithrodontomys polionotus, 
Peromyscus nut 


falli, Mus 
and Neotoma floridana; and Trichophyton 


musculus, Sigmodon hispidus, 
mentagqrophytes from Didelphis virginiana, 
polronotus, 


hispidus, R. norvegicus, and Rattus rat 


V musculus, 


ws. 


‘ 
12.9% 


was little difference im 


Was COMMON 


the 
The seasonal peak 
the 
peak month for all of the 
April with 


more young 
and 

infection 
13.54 


months 


rats than in old rats 


there 


rate in sexes 


occurred during spring 


species 


Was It 


POS another lower peak 
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RINGWORM IN Witp ANIMALS IN SOUTHWESTERN GEORGIA 


13.0% ) in July. The distribution of in Vanbreuseghem, BR 
fection was similar for the four counties; “olement 
in southwestern Georgia where most of the 
animals were trapped, with some varia 
tion in the rats and mice. Sixty-two soil 


méd. trop 


specimens from areas where animals were 
trapped were cultured and W qypseum 
was isolated from 16 (26.0% 
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The Production and Use of Germ-Free Animals in 
Experimental Biology and Medicine 


JAMES A. REYNIERS 


Notre 


has been most 
ever, in its essentials, this concept is basic 


THE PURE CULTURE 
closely identified with microbiology 


CONCEHH I 


to all experimental science whether it be 
physical or biological. The need for isolat 
ing ‘‘pure from the natural 
plex in which they exist forms the basis of 
analysis and the combination of pure units 
to build back to a predetermined level is 
identified with Whether these 
pure units are compounds, physical parti 


units’’ eom 


synthesis 


cles, bacteria, animals, or mathematical 
symbols does not alter the philosophy 
All animals are, from birth, a complex 
contami 
As such, the 


unit 


or combination of 
and the host 


parasites 
nants ) (animal 


conventional animal is an ‘‘impure 
host and contami 
life of the 


accounted 


The interaction of the 
throughout the 
animal 
for, in the last analysis, with respect to bio 
functions which 
cess of a species in time.’ These things are 
difficult to with certainty 
little is known about the animal in the ab 
sence of all contaminants and little control 
can be exerted on the contamination as it 


nant 
conventional 


stems 
must be 


logical measure the sue 


“ASSAY because 


naturally occurs 


and dy 


A living being is an intricate 
complex of 
maternal influences, and individual experi 
gained from the environment 
which it must live? The ex 
perience gained from contact with living 


contaminants by the animal throughout its 


hamie ancestral promptings, 


ences into 


is born and 
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exact im 
obvious 


life is profound; however, the 
of these 
where the results are measurable, as 
death. The subtle 
involving the activation of 
which the 
this 
systems not 
and the 


COMPO 


pact contaminants is 
only 
in disease and more 
implications 
special defensive systems with 
animal is endowed, the reflection of 
activation 


directly 


upon other host 


concerned with defense, 


interaction between the microbial 


nents themselves are not so obvious nor 


can they be easily measured unless the 
‘pure animal’’ is considered 

In seeking to reduce this dynamie com 
plex to a degree of purity consistent with 
the level of inquiry and the phenomenon, 
a first step can be taken by separating the 
from its contaminants and observing 
it through animal 


Should a greater degree of purity be indi 


host 
life as a ‘‘germ-free”’ 
cated, it is then possible to rely upon ge 
netics aS a means of directing the 
free animal through generations to a 
further state of uniformity turn, 
to employ still other means of controlling 
nutrition, 
first obtaining 


germ 
and, in 
the physical environment and 
association phenomena. By 
and then studying germ-free life systemat 
ically, it is possible to arrive at a knowl 
edge of what life is like in Wa\ 
that a pure culture of 
studied in a test tube 

step, it is desirable to combine pure units 
pure cul 


be aceot 


the same 
bacteria can be 


If then, as a next 


eg., the germ-free animal and 
tures of bacteria, this too may 
plished in a controlled manner until the 
exists in 
wanted experimental level, is built up 


complex, as it nature or at a 

The specific uses to which germ-free life 
has been put will be considered later but 
at this pont, it might be well to consider 
the two main paths to be followed 1) the 
study of germ-free life per se as a 
eulture’”’ 
or as a pure animal 
verm-free 
perimental studies where the animal is the 


‘pure 
of rats, mice, or any other species 
and 2 the use of 


animals and techniques in ex 


‘*medium 
] The verm-free 


studv of the animal 
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PRODUCTION AND 


per important in establishing base 
lines for experimental studies and in map 
ping out the more fruitful areas for fur 
For example: since all 
animals are endowed at birth with defen 


living 


IS 


ther investigation 


contaminants 
as well as other systems necessary to 
their life continuity through 
successive generations, the development or 
lack of development of these systems may 


ne 


sive systems against 
as 


sure and 


studied in the absence of microbial im 
Nutrition be in 
which have 


considered 


to feed 


sO) 


pact 
host 


may 


a does not Its 
contaminants 

2) The of 
techniques has been well established in ex 
perimental studies dealing with 


relationships in the etiology 


use germ-free animals and 
host-con 
of 
pathogenesis of Endamocha 
radiation hemor 
rhagie shock, intestinal synthesis, the pro 
of stocks of 


and laboratory animals,‘ with 


taminant 
dental caries, 
sickness, 


histolytica? 


duction disease-free domestic 
VITruses 


The 


spectrum of uses is as wide as biology 


and 
as etiological and pathological agents 


It has become obvious that applied stud 
i¢S must rest on a knowledge of the germ 
free animal per se, even in the face of con 
run within the framework of the 
experiment and in the germ-free state. For 
example, it would seem a simple experi 
ment to feed germ-free diet 
which will cause caries in the conventional 
the 
unless it is known how teeth develop in the 


trols 


animals a 


animal and observe results. However 


verm-free state, there may be errors in in 
Also, the digestive 
tract of a germ-free animal is an organ of 


terpreting the results 


digestion and elimination across which the 
nutritive elements pass to the body of the 
animal, As such it is a thin-walled organ 
with little eapillarization and connective 
tissue, and lacking in lymphoid elements 
Although ‘stripped to its 
ments,’’’ this organ will adequately 
ply the needs of the germ-free animal. On 
the other hand, the digestive tract of the 
conventional animal serves the above fune 


essential ele 


sup 


tions, but also is an organ of containment 
for the microorganisms which grow in it." 
The conventional gut tract is heavier, the 
walls thicker, and the lymphoid elements 
active. In setting up an experiment where 
the findings of the conventional state need 
further elaboration, these differences may 
not be important, but this impor 


or may 


tance will never be properly assayed until 


the function of the tract has been estab 


lished for the germ-free state 
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These are the broade aspects of the the 
the lift 
rested since their Inception i 


sis upon which Lobund germ-free 
studies have 
192s 

ANIMAI 


PRODUCTION OF GERM-F REI 


A germ-free animal 
known to be free from life other than that 
produced by its own protoplasm and which 


Is one which Is 


exists in a sterile environment 

1) Obtaining 
Healthy animals 
be free from 
birth hatching 
reasonable assumption 


Germ-Free Animals 
birds 
contaminants befor: 

Biologically this 
which has 

experiment 


mammals or mia 
living 
or Is a 
been 
out through sine 
both through attempts to obtain 
in the of 
bryos for virus cultivations 

As a fertilized ovum and through the pr 
riod of gestation while the embryo is oO 
yanizing the it will 
have to defend after is 
that it be 
infective microorganisms, and 
tected. This does that 
agents not pass the placental barrie: 


borne 
D895. 
el 


lise 


germ-free animals and 


which 
birth, it 
protected from 
it 


systems with 
itself 


should 


rea 
sonable 
IS 


pro 
not mean infective 
or otherwise enter the egg before it is laid 
but 
healthy mothers may be free from contam 
nation up.to birth 

Therefore, to obtain a germ-free animal 
is necessary 
otomy and to from 
sterilized shell When 
nation occurs, such animals are discarded 
This first of animals hye 
permitted to grow to maturity, breed, car 
their continue build a 
Thus, they may be examined con 


it also happens that the yvoung from 


to deliver mammals by cesar 
hatch 


surfaces 


if 
with 


Corrs. 


birds 
contami 


reneration can 


for and to 
colony 
tinuously at all ages and through 
for It 
to expect that if microorganisms are 
ent they will manifest 
age or stage of the study 

Testing for 
tially on the basis that if contamination o¢ 


all 


young, 


tions contamination is reasonable 
pore 


themselves at some 


contamination rests essen 
animal 
that 


micro 


within verm-free unit 

be equally contaminated 
contamination may be detected 
scopic examination, by cultural techniques 
by pathological changes tests 
blind 
ence with the problem 
ploved are sufficient to assure that an an) 
mal called germ-free is free from ecto- and 
bacteria, yeasts, fungi 


curs 
will 


and 
by 


serological 


tissue culture, and experi 


pa aves, 


The techniques em 


endoparasites pro 


tozoa, viruses, and other forms of life avail 
able te The he 


testing may some 


A, 
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TABLE 1—Five-Year Operation Lobund Institute—Species and Numbers of Animals Raised 
Postweaning * 


hicker 


number 
on peek 


weaning 


compiled by B 


things as ‘“‘in 
this 
is a special problem and involves *‘ fore 
which constitute a 
kor which 
detectable by pathological changes or sero 
logical tests, the answer ts 

Animals of the following 
been obtained germ free: monkey,'” 
rabbit, 


question concerning such 


apparent viruses’’ or proviruses, but 


ing?’ techniques new 


area of research VITUSeS are 
certain 
have 


‘ 
goat, 


more 


Species 


dog hamster, 


cat,’ rat,’ 


vuined 
could he 


chickens, 
" This list 
extended greatly 
Raising Germ-Free Higher Animals 
It is one thing to obtain germ-free animals 
and another to raise them through matin 
itv and into 


mee, turkeys 


pigs probably 


successive generations. Un 


less such animals ean be held for long pe 


the species de 
consequent n 
ed includes al 


th of time 


in sufficient numbers to 
warrant their study and use systematically, 
their value is distinetly limited. Further, 
their value is extended if they can be bred 
which then be stand 
ardized as to genetics and other desirable 


riods of time and 


into a colony may 
characteristics 

Many problems beset the investigator in 
this field 
much is unknown in such areas as the nu 
tritional requirements of the suckling small 
laboratory 


There are few investigators and 


Germ-free animals 
provided with sterilized food, wa 
bedding, 


mammal 
must be 
ter, through 
their entire lives. Suckling mammals must 
be provided with an artificial liquid diet 
which is hand-fed until they are weaned 


Weaned 


CAaLeS, utensils 


alr, 


animals are fed sterilized semi 


Fig. 1—Back view of the 
Reyniers standard germ- 
free unit. (A) Sterile 
lock or food clave, (B) 
air filters, (C) outlet trap 
for air, (D) main drain, 
(E) viewing port, and 
(F) external lamp hous 
ing. 


640 tJ. Vier. Ris 
195% 
Giuinea 
Year Ka | I pigs 
1951 
1651-19 il 
105 105 177 62 > ‘ 
1054-105 19 
404 17 91 
In the above table ‘ en menu ha » attempt mad duce 
rtain period snot m empha ed The num 
‘ onseque he mber mentioned hove i he ‘ 
be held 
Dot: hief, Germ-Free Life Prod 
he 
Ae 
—" «4 oe 
d 
” 
4 


PRODUCTION 


Fig. 2—Standard examining unit REXU-200. This 
is a two-man unit made to connect to an RSU-400 
or other unit and is used principally for perform- 
ing experiments on the animals. 
(A) Connecting link to sterile lock or food clave. 
This is equipped with a standard quick-opening 
door to the interior. 


svuthetic diets. Autoclaving used to 
duce sterility of diets and equipment and 
heat sterilization produce special problems 

After the animals are raised, they can 
suckle their The 
lessened somewhat for those 
birds, which feed 
birth. Furthermore, the 


pro 


breed and own young 


problem is 
such as can 


from 


animals, 
themselves 


AND Usp or Ret 
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germ-free animals must be healthy and ap 
proach some dependable standards 

Not all of the investigated species have 
been through maturity and into 
other generations. This been due 
partly to choice and partly to limitations 
time. For example, 
bred into 


raised 
has 


and 
seldom 


m equipment 
chickens are 
generations because thev are useful in the 
generation and raised more 
than can mammals. On the other 
hand, monkeys mature so slowly that it 
has not been feasible to hold them for the 
Hlowever, are 


first can be 
easily 


purpose of breeding these 
limitations of convenience and not of tech 
It is highly probable that, if neces 


nique 
could be 


sary, all the 
raised through generations 


species ment ioned 


The only animals which have been raised 
chickens 
through 
through 
through 


successive generations are 


into 


through two generations, rats 


eight) generations, Swiss mice 


seven generations, and CHL mice 


six generations. This is evidence that germ 


free life can be propagated and fulfill the 
biological criteria for the species 

While little 
holding germ-free animals for 
have C Il mice, 14 
Swiss albino mice, 24 months; and 


there has been purpose i 


extended 
months 


Albino 


veriods, we 


Fig. 3—Standard surgical unit ROPU-200. This unit is intended for surgical work, particularly 
cesarotomies. This is a two-man unit made to connect to a RSU or any of the standard units 


(A) Trap for placing pregnant animal into the germ-free unit. 


The opening to the unit is 


protected against contamination when the trap door is opened by a sheet of cellophane stretched 
across the opening. Surgery is performed by using a cautery and by burning through the 
cellophane. 
(B) Unit for raising the pregnant animal into contact with the cellophane laparotomy sheet 
Fig. 4—Operating trap through which pregnant animal is introduced into ROPU-200 unit 
(A) Operating board, (B) table mechanism by which animal! board is raised into contact with 
cellophane protective barrier, and (C) cellophane protective barrier which separates contami 
nated pregnant animal from sterile interior 


Am. J. Ver. Ree 
1067 
+ 
ty 
j 
7 


Fig. 5—Combination of germ-free units to form 
operating raising system. 

(A) Operator in gloves of RSU-400 raising unit 

waiting to receive cesarean-born animals, and (B) 

operators in gloves of ROPU-200 surgical unit 
performing cesarotomy. 


rats, 25 animals are 
healthy that the 
germ-free state does not act adversely on 


uetive, 


rhe 


indicating 


months 
and 
longevity for these species 

The earlier work 
aimed primarily at answering the question 
by Pasteur,” 1885, of whether 
life was possible in the absence of bacteria 
Karlier experiments usually ended in con 
tamination. The possibility of accidental 
contamination is by no means the problem 
More experience with the available 
apparatus and improved design should still 
further reduce this hazard 


with germ-free life was 


proposed 


it was 


The number of germ-free animals it is 
possible to produce is merely a matter of 
the amount of apparatus The 
number produced at Lobund Institute over 
the past five years is shown (table 1). This 
table includes only animals raised up to the 
time of use in an experiment 


available 


Thus it is possible to conclude, from ex 
perience of more than 25 vears, that germ 
free animals can be raised, that they will 
reproduce, and that the numbers are lim 
ited only by the equipment available 
Raise and 


1928, we 


Necessary to 


Life In 


Apparatus 
raised 


chickens in simple churn jars until they 


Germ-Free 
exhausted their food and water llow 


ever, if the object is to establish routines 
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it is necessary to stand 
ardize apparatus and to combine it into 
systems for the purpose. Two main systems 
have been System 1 is intended 
primarily for cold sterilization with germi 
cides either liquid or gas and will not be 
considered further in this report. System 
2 depends on sterilization with steam under 
pressure and has proved by far the 
satisfactory. 

The Reyniers germ-free system 2 is com 


in gnotobiotics,* 


devised 


most 


posed of a series of units which can be 
fastened together 
tions so that they will function as a system 
in which animals may be raised and 
experimentally. While the 
tended to be used with steam sterilization, 
it may be used with cold sterilization, but 
the use of germicides is by no 
tain and adaptable to routines which can 
The 


the wm 


into various combina 
used 


system Is In 


means cer 


be maintained by technicians main 
features of the 
sterilization of air filters and food, and in 
the so that 


be passed from one unit to an 


system lie in situ 


the combination of units 
may 
without 
The standard units generally composing 
raising and holding 


ani 
mals 
other contamination 
a complete system are 
units (rsu, fig. 1), examining units (REx, 
fig. 2), and unit (Ropu, fig. 3 
and 4 These units can be constructed of 
various sizes and lengths and with multiple 
glove ports. They attach to 
one another by sterile locks or by end-to 
end connections fig. 5 Only with a 
sterile lock the units be 
separated and maintain their sterility 

A satisfactory 
made of the following numbers and kinds 
of units: 16 Rsv raising and holding units 
ROPU Operating unit, REXU, 
one REXU-S special examining unit. A sys 
tem of this units to be 
used for and ten 
Smaller 


use 


operating 


are made to 


eonnection can 


germ-free system can be 


one two and 


size permits ten 
production of animals 
units for experimental purposes 
limit the 


central source 


numbers of such units 
experiments 


supply for ge 


unless a 
rm-free animals is available 
The cost installed with 
the ventilation, conditions, 
ete., exclusive of building, is about $100,000 
Free Colony 


standard free 


of such a system 


necessary all 
Reyniers-Tresler Germ 
Unit Although the 
units may be 
have 


germ 
used for raising animals, they 
limited vse 
For this purpose and also for raising large: 


with respect to colonies 


firee) a 


682 — 
w 


Fig. 6— Reyniers-Trexler 

germ-free colony unit 

which has been in opera- 

tion at Lobund Institute 
since 1952. 


Fig. 7—Diagram of 


germ-free colony unit. 
(A) Main colony tank, 
(B) germicidal tank, (C) 
trap to main colony tank, 
(D) entrance to dressing 
rooms, and (E) germi- 


cidal shower room. 
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well 
large number of 


animals such as swine and goats, as 


as experiments where a 


animals are needed in a series, e.g., anti- 
biotics and growth, a larger germ-free sys 
tem has been used (fig. 6 and 7 This con 
sists of a large tank which is & feet in di 
ameter by 18 feet with a 
lock 20 inches in diameter, The 


sterilized with steam under pressure 


long, passape 
system 1s 
Ani 
mals are moved in and out of the colony 
This 
operated with the aid of an attend 
ant who is sealed in a plastic suit supplied 
with air intake and exhaust (fig. & The 
suit is sterilized by a system of germicidal 


unit through the standard sterile lock 
os 


sprays, and by immersion into a dip tank 
of germicide. This 
1,200 rats 
maximum an 
single entry 

in the svstem 


is capable of 
chickens, the 


service In a 


svstem 
S00 


can 


and 
attendant 


holding 


Larger animals can be raised 

The colony unit is made to 
operate in pairs or multiples because of 
the danger of contamination due to germi 
cidal Thus, if unit be 


contaminated, it sterilized 


sterilization one 


be 


from a second unit in 


sufficient numbers to keep up over-all pro 


and animals moved 


duetion in the colony 


Transport of Germ-Free Animals In 
order to service smaller installations of 
three to five germ-free units, a 


system has been devised to transport germ 


standard 


free animals from a center unit to another 


location, This should provide wider usage 


Fig. 8—Operator in germ-free colony tank. 
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Fig. 9—Germ-free transport units and vehicle. 


of germ-free life and a more standard ani 


mal since the central colony can be gyeneti 
cally controlled 

The transport of germ-free animals with 
three 


unit 


out contamination involves steps 
a) a satisfactory 


hicle, { 


colony, and (¢ 


transport and ve 
removal of the animals from the 
transfer of the animals to 
a germ-free system 

unit and 


shown (fig. % 


The basic germ-free 
the transport vehicle 
A Studebaker station wagon, specially en 
gineered by the Studebaker-Packard Corp 


transport 


are 


and equipped with temperature and hu 


midity control and with filtered air, was 
designed to operate up to 1,000 miles. Tests 
have shown that a 2.000-mile range Is not 
difficult. 

In the past ten years, we 
more than 190 
germ-free animals 
originated in other countries 


could be 


have received 
the 


facilities 


ot 


Many 


few 


requests To! 
and 
Only a 
limited 


activated becaus of 


efacilities 


have been activated 
other 


few 


A series of studies 
in collaboration with scientists and 
institutions. Only a 
given at this time as illustrations of pub 
lished results 

1) Use of Germ-Free 
in the Study of Experimental Dental Caries 
(with the University of Chicago, Zoller Me 
morial Dental Clinic) 


determine the 


examples are 


fnimal ech nique 


The first phase was 
possible role of 
dental 


conventional 


set up to 


bacteria in the etiology of Caries 


diet 


showed 


cariogenl to rats 
lestons 


rats of the 
from this 


microscople or 
strain. It was 
that dental 


ross, 
same 


verm-free 


deduced idence 


Lie 

| : | 
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caries in the rat is not possible in the ab 
sence of microorganisms. The next phase 

of the study set out to determine which 
microorganism (s) might be capable of pro 
ducing typical carious lesions in the rat 
The lactobacilli and 
organisms of choice. Germ-free rats 
contaminated with pure cultures of 
organism and fed cariogenie diet. Carious 
were produced with 
rat. The lactobacilli 
duced few lesions. Other 
are presently being studied and the next 
phase will consider nutrition 


enterococe; were the 
were 
each 
lesions enterococe! 


alone in every pro 


microorganisms 


2) Ameba-Bacterial Relationships (with 
the National Institutes of Health ).—Char 
acteristic induced by im 
plantation of FE. histolytica in the cecum of 
guinea pig.* None of the 
germ-free guinea pigs develop amebic le 


can be 


lesions 
the conventional 


sions, nor do the amebas survive for more 


than five days. Acute ulcerative amebiasis 


was produced in guinea pigs in which Es 


therichia coli and Aerobacter aerogenes 
were the monoecontaminants. The 
indicate that although EF. histolytica is un 
questionably the causative organism of in 
testinal amebiasis, the responsibility must 
be shared with other microorganisms. In 
the absence of such microbial associates, the 


results 


ameba be a harmless microbe 
incapable of independent survival in the 
intestine. The question now is what factors 
are responsible for the infection. 

3) The Synthesis of Biologically Labile 


Vethyl Groups (with Cornell University) 


appears to 


It has been shown that germ-free rats 
are synthesizing the labile 
methyl group and that the degree of syn 
thesis is comparable to that observed in 
conventional rats.** 

Development and Vitamin 
Utilization Studies in White Leghorn 
Chickens (with Parke, Davis and Co.) 

It was found that additional 
vitamins did not significantly increase the 
growth of germ-free chickens and_ that 
large quantities of vitamins were found in 
the cecal contents of germ-free as well as 
conventional chickens, showing that vita 
found in the lower intestinal tract 
are not necessarily of bacterial origin 

These are examples of but a few of the 
uses to which germ-free animals have been 
put. They have also been used in studies 


capable of 


} Gross 


sources of 


mins 


on radiation sickness,” hemorrhagic shock 
antibiotics and growth,*® vitamin 
liver 


metabo 


tumorigenesis, necrosis,” and 


many other studies 


PrRopUCTION AND Use OF Gero-F REI 


ANIMALS ORD 


No mention has been made of the use of 
germ-free animals in such studies as host 


contaminant relationships 


DEVELOPMENT OF GNOTORIOTICS GERM 


Free Lire STUDIES 


The questio., now is how best to make 
the techniques and germ-free animals more 
widely available to science and to individ 
ual investigators. Success depends upon 
how well routines can be established, capa 
ble of being carried out by technically 
trained people, and this, in turn, will al 
ways depend on the apparatus. The most 
certain way of operating such apparatus is 
by the use of steam under pressure in 
sterilizing it and in the operations neces 
sary to This 
means that such apparatus must be built 
strong enough to withstand the heat and 
pressure of steam. While it is possible to 
build relatively light apparatus and steri 
lize it in an autoclave, the actual 


in cost of apparatus and operation is not 


raising germ-free animals 


saving 


yreat 

There are two ways in which the use of 
germ-free life can be extended: (a) 
pler apparatus and (b) the establishment 
of relatively small installations (3 to 5 
germ-free units), capable of being steam 
sterilized, in which experiments can be con 
ducted, which germ-free 
raised at a larger center can be shipped 


Sit 


and to animals 

It is possible to raise animals such as 
chickens in a very simple apparatus (fig 
10), such as the churn sterilized in 
an autoclave. In this type of apparatus, 
chickens can be hatehed and held for pe 
riods up to 30 days, or as long as the ration 
and They can be 
only at the end of the 
modifications of this type of apparatus can 


Jars, 


water last examined 


experiment but 


Fig. 10—Jar-type unit for raising germ-free chick 
ens. (A) Water flask, (B) air inlet and outlet 
filters, and (C) filter on water flask. 


" 
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be made. Simple apparatus sterilized with 
chemicals to which rubber 
tached can also provide a 


In this type of apparatus it is 


vloves are at 


less PXPensis 


system 
possible to raise small mammals through 
the suckling period until the failure of the 
Sterile 
have limited use,’* and these can be steril 
ized with ultraviolet light 
Also the apparatus of Gustafsson '? can be 
employed and this is sterilized in an auto 
clave 


apparatus in sterility hoods also 


chemicals or 


In this apparatus, it is possible also 
to do excellent work but it is not simpler 
expensive to this 
Many other simple apparatus can 
The pont 
is that there is no reason why someone in 
terested in germ-free life 
started in the field 

The other line of development involves 
the establishment of several 
enough to raise colonies of erin free ani 
mals and to provide facilities for investi 
vators to work. The limitations lie in the 
difficulty for investigators to their 
own laboratories for extended periods of 
time. The advantages, however, are in the 
source Of animals and in the experience of 
technicians in germ-free 
equipment. Ono a long ex 
perience in the field, we favor this plan 
and see in it a fuller development of the 
use of germ-free animals in experimental 
biology and medicine 

The first full-seale development of gnoto 
bioties: was at Lobund Institute and until 
recently it was the only souree in the 
world for such work. There is now a lab 
oratory and a 20-unit system in operation 
at Walter Reed Army Medical Center, 
Washington, D. Another 
tablished but is just going into operation 
at National Institutes of Health, Bethesda, 
Md. This is a 15-unit One such 
laboratory has been established in Japan 
at Nagova University and another in Swe 
den at the University of Lund, These are 
the only germ-free life laboratories pres 
ently in existence, but others are being 
planned in Europe. 

In this country it is well within the 
means of the federal government to or 
ganize germ-free life centers. It would be 
curious, considering the amount of money 
spent each year in research and the lead 
in this field that this country has, if this 
lead were lost to other countries 

One thing is certain, there is no lack of 
problems and no lack of need for such 


or less construet in 


country 
be devised and will be improved 


can not get 


centers large 


leave 


operating the 


basis of our 


has been CS 


system, 
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facilities. It is certain that the need will 
Inerease, 
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A Simple Ear Punch for Use on Laboratory Rats 
BENNETT J. COHEN, D.V.M., Ph.D., and CHESTER CHALBERG 


Los Angeles, California 


Kak NOTCHING and punching methods have 
long been used for the permanent identi 
fication of laboratory rats and mice.':* Poul 
try toe clips, leather and ticket punches, 
and surgical scissors are some of the instru 
ments which have been used. However, in 
this laboratory, the poultry clip has not 
provided adequate leverage for punching 
ears of large rats, the leather and _ ticket 
punches have not permitted easy visualiza 
tion of the ear for precise localization of 
the punching site, and the scissors are use 
ful for notching only. These disadvantages 
have been overcome by the design of a sim 
ple inexpensive tool which can be made in 
any institutional shop. Using this tool, as 
many as four holes or notches can be made 
in each ear, and many hundreds of rats can 
be numbered serially 

A snipe-nosed plier, made of tempered 
steel, is used (fig. 1 and 2). The pliers are 
annealed and small holes are drilled to re 
ceive a shearing pin made from the stock 
end of a dental drill (fig. 1 and 2, A The 
pin dimensions are 0.09 inches in diameter 
by 0.25 inches long, with the shearing hole 
providing only minimal clearance to insure 
proper cutting action (fig. 1 and 2, B 
The pliers are retempered after the holes 
are drilled, and the pin is fixed in place 
with silver solder. A small steel stop 1s 
similarly fixed to prevent bruising of the 
ears as the pliers are closed during the 


From the Office of Animal Care and the Departments of 
Physiology and Biophysics, University of California Medi 


al Center, Los Angeles 


Fig. 1 and 2—Instrument for punching ears of rats 
punching procedure (fig. 1 and 2, ¢ 
Springlike action is provided by means of 
a short piece of spring steel bolted to one 
handle as shown (fig. 1 and 2, D 
Presumably, the same instrument can be 
used for mice. However, a slightly smalle: 
shearing pin should probably be inserted 
if the punch is to be used only for this 


species 
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Heat-Inactivated Vesicular Stomatitis Virus as Antigen 
in the Complement-Fixation Test 


G. T. DIMOPOULLOS, Ph.D.; O. N. FELLOWES, Ph.D.; J. J. CALLIS, D.V.M., M.S.; 
G. C, POPPENSIEK, V.M.D., M.S.; J. TESSLER, M.S.; W. R. HESS, Ph.D. 


(ireenport, Long Island, New York 


WHENEVER inactivated 


antigen 1s 


POSSIBLE “an virus 
preferable in and 
other laboratory tests, especially when such 


serological 


virus in the active state is transmissible to 
man and a variety of animals.’ 

Shahan 
titis virus (VSV) in guinea pig foot pads 


reported that vesicular stoma 


was rendered noninfective for guinea pigs 
when heated at 55 or 60. for 30 minutes 
On the other hand, Madin* reported that 
vsv in allantoic fluid, after 
56. for 30 or 60 minutes, killed chicken 
embryos and mice; the embryos and wece 
presumably died of vsy 

This study 
(1) the heat required to render vVsv 
infective and (2) 
heat-treated material as 
the complement-fixation (CF 


exposure to 


was designed to determine 
non 
the feasibility of use of 
antigen on 


test 


such 


MATERIALS AND MetTHops 


PREPARATION OF ANTIGE 
ludiana 


New Jersey® and 


Infected bovine tongue epithelium was 


Both types of V 


were used 


ground in «a mortar and suspended, 1 part in 
% parts of tryptose phosphate broth at pH 7.4 
The virus suspension was centrifuged at 2,000 
rpm, for 20 minutes, and some of the superna 
tant fluid was placed in each of two 30-ml,, flat 
bottom vials (25 by 90 mm Rach vial contained 
iamall, plastic-covered magnet and was fitted with 
1 one-hole rubber stopper equipped with a preei 
sion thermometer This assembls Wiis placed im i 


bath to 


With this 


during 


water (accurate resting on a 


irrangement, the 


large magnetic stirrer 


suspension Was stirred heating fig 


the material in the 


was recorded 


heating period 


vials reached the desired tem 


peratures of 56 or 600 The Hecessars 


lag im time 


to bring the contents of the vials to 56 or 60 ¢ 


Was approximately three minutes 


After heating, the samples were immediately 
ehilled Penicillin and streptomycin were added 
in the amounts of 1,000 units and 1 mg., respee 


tively, per milliliter of suspension and held at 4C 


Laborator Animal 


Agricultural Re 


Island Anima! Disease 


Parasite Research Division 


From Plum 


Disease and 


search Service, t 8S. Department of Agriculture, Green 
port, Long Island, N. ¥ 

The present address of Dr. Dimopoullos is Department 
of Veterinar Science, Lou sna State Universit Baton 


for one hour, The 
luted 
fixation (Ch 
for the 
days old 
chicken 
kidney 


was used in preparing the 


virus suspensions were then di 
in physiological saline for 


tests 


the complement 
ind in tryptose phosphate broth 
infectivity tests in 
cattle, 


suckling mice (7 to 9 
pigs, and embryonating 


tests of 


guinea 
eggs. In the 


tissue 


bovine 
fluid 


heating 


infectivity 
eulture, tissue-culture diluting 
dilutions The 
and stirring assembly was not available 
work with the 


pensions 


during the 


Indiana-type virus rherefore, sus 


used in these experiments were not agi 


tated during heating in a serological iter bath 


Invectiviry TI 


Dilutions of 10 through 10° of the heuted 
uspensions were used in all trials These sus 
pensions were diluted to avoid complication due 


to the interference phenomenon, whieh may be 


exhibited by concentrated suspensions that have 
been heat treated In the unheated samples, dilu 
tions appropriate for obtaining 50 per cent end 


points were used 


Embryonating Chicken Eaas Dilutions of the 


heated and unheated control suspensions of Vsv 


were inoculated in 0.2-ml, amounts into the allan 


toie cavity of 7- to 8-day-old embryonating chicken 


eggs, using 10 eggs per dilution After inocula 
tion, the eggs were incubated at 35 C. and eandled 
daily for 12 days. Embryo mortality within the 
first 24 hours postinoculation was considered to be 


ecnuses and was not included in 
which died after 
ilation 


due to nonspecific 
the final 


hours’ 


computation Embryos 


incubation following with 


the heated material were examined, and the chorio 
illantoie membranes (¢.a.m.) harvested. The e.acm 
4 
Tre a TOR 
4 
“MEATEO water 
a 
S10€) + VIRUS SUSPENSION 
THERMOMETER INSIDE 
Vial 
stano 
STIMRER 
Fig. 1—Heating and mixing assembly for suspen 


sions of vesicular stomatitis virus in sealed vials. 


OSS 


| 
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were ground in a mortar, diluted to a 10 per cent 
suspension, treated with antibioties, and inoculated 
into 5 additional embryonating chicken eggs for as 
many as six serial passages. These suspensions 


were tested as antigens in the cr test. The ¢.a.m. 


at each passage were also harvested and usec 
antigens in the cr test. 

Suckling Mice.—Dilut is of the eontrol and 
heated suspensions of VsV were inoeulated intra 
peritoneally in 0.05-ml, amounts into 7- to 9-day 
old mice, using 10 mice per dilution. The mie¢ 
were observed for paralysis and death for 14 days 
after inoculation. Any mice inoculated with heated 
Virus suspensions which died later than 24 hours 
postinoculation were neeropsied, and the brain and 
skeletal musele harvested. The tissues were ground, 
diluted to a 10 per cent suspension, and treated 
with antibiotics, These preparations were inocu 
lated into mice and embryonating chicken eggs for 
48 many as six serial passages. Each harvest of 
brain and muscle was tested for the presence o 
ubsence of VSV, using the cr test. 

Guinea Pigs.—Dilutions of the heated and eon 
trol VSV suspensions were inoculated intradermally, 
(.1-ml. amounts into each metatarsal pad, using 10 
guinen pigs per dilution. The animals were ob 
served for vesiculation of the pads for a period of 
eight days. At the end of this time, each animal 
not responding to primary inoculation was chal 
lenged with a 10 per cent suspension of active 
guinea pig-adapted vsv. 

Cattle (Grade Hereford Steers, 18 to 36 Months 
Old) Dilutions of the heated and control suspen 
sions of VsSV were inoculated intradermalingually, 
(.1 mi. per site, into five sites for each dilution, 
using four dilutions per tongue and 2 animals per 


sample.” The animals were observed daily for 


vesiculation and other changes for eight days o 
longer, after which time those not responding to 
the inoculations were challenged with a 10) per 


cent suspension of aetive bovine adapted vsv 


Tissue Culture Trypsin-dispersed ealf kidney 
cells hich had been propagated in stationary 
tubes for seven days were inoculated with dilu 


tious of the heated and unheated Vs8V suspensions, 
ising 0.4 ml. per tube and ten tubes per dilution 
tube contained 0.8 ml. of a medium e¢om 
posed of 0.5 per cent lactalbumin hydrolyzate and 

per cent bovine serum in Hanks’ solution, The 


tubes were observed daily for three days for the 


evtopathogenic effeet produced by 
The 50 per cent end-point method of Reed and 
Muench vas used to determine the Lad mad ia 
Hues in all infeetivity experiments 
COMPLEMENT | rm 


The technique of the cr test was essentially 


that «deseribed by Riee and MeKercher The 
heated and control suspensions of V8V were di 
luted twofold in pl vsiological saline and used 
quantities Anti Vsv guinea pig serum 
in O=25 ml quantity was added to ench tubs 
The mixtures were shaken, and 0.25 ml. of nor 
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TABLE i—Infectivity of Bovine Tongue Epi 
thelial Suspensions Containing New Jersey-Type 
Vesicular Stomatitis Virus Heated at 56 or 60 C. 
for 30 Minutes and Inoculated into Various Host 


Mediums 
mi. or 
Infectivity i.d.oo/ml. of 
Medium of heated unheated vi 


inoculated suspensions rus contro! 


Eembryonating 


chicken eggs a2 
Unweaned mice 
(iuinea pigs 
Cattle 6.4 
Tissue cultures 4.5 
The ideo mi. of vev in cultures of calf kidney celle 


in these trials was lower than previously reported titers 
of V8V using cuinea pig kidney cell cultures as the teat 
medium 


mal guinea pig serum containing 1.6 units of 
complement was added. The tubes were then 
shaken and placed in a water bath at 37 C, for 
20 minutes. The hemolytic indicator system of 


o.5 ml. of sensitized sheep red blood cella (0 ) 


ml. eells and 0.25-ml. amboceptor eontaining 4 
units) was added to each tube. The cell suspension 
had a hemolyzed optical density of 0.5 when 
measured at a wave length of 580 my. The tubes 
were shaken, placed in a water bath at 37, for 
30 minutes, and read for the presence or absenes 
of hemolysis. Complete absence of hemolysis was 
designated as 4 (strongly positive), increasing to 


various degrees of hemolysis —3 (moderately pos! 


tive), 2 (weakly positive), 1 (trace), and complete 


hemolysis (negative Proper serum, antigen, com 
plement, hemolytic, and cell controls were ineluded 
in the tests, 

RESULTS 


Iufectivity Determinations.— Representa 
tive experiments in various mediums for 
determining the effect of heat on the infec 
tivity of New Jersey type of vsv are shown 
table ] Under the conditions described 
temperatures of 56 or 60C. for 30 minutes 
rendered tissue suspensions of New Jersey 
type vsv noninfectious for suckling mice 
cattle, guinea pigs, embryonating chicken 
eggs, and tissue cultures of calf kidney 
cells. The cattle and guinea pigs which 
remained negative were challenged with 
active virus and were shown to be fully 
susceptible tO VSV 

Indiana-type vsv, which was tested in 
mice and embryonating chicken evys, 
also found noninfectious, As previously 
stated, this part of the work differed only 
in the type of water bath used 

In some cases, chicken embryos and mice 
died after inoculation with heated virus 


suspensions. The «a.m, from such embryos 


and the brains or skeletal muscles from the 
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TABLE 2—Complement-Fixing Activity of Heated and Control Suspensions of Bovine Tongue 
Epithelium Infected with New Jersey-Type Vesicular Stomatitis Virus 


Dilutions of 


Treatment Undil 


Unheated control 
HO ¢ 


for 40 minutes 
for 30 minutes 


mice were harvested, ground, diluted, and 
passed into eggs and mice for six serial 
passages. Suspensions of tissue from each 
passage were subjected to the cr test, and 
in no Case was the presence of vsv indicated 

Complement-Firation Tests repre 
sentative experiment to determine the effect 
of heat on the antigenicity of the New 
Jersey type of vsv is given (table 2). Heat 
ing under the conditions described affected 
ihe complement-fixing activity to a slight 
There was only a twofold decrease 
VSV 


degree 
in final titer of heated 
suspensions. Heated virus suspensions were 
found to have adequate complement-fixing 
activity when used as antigens in the cr 
test. No anticomplementary and hemolytic 
properties or objectionable turbidity were 


versus control 


observed, 

Essentially the same 
tained with active and heat-inactivated an 
tigens of the Indiana type of vsv 


results were ob 


SUMMARY AND CONCLUSIONS 


1) Suspensions of bovine tongue epithe 
lium containing New Jersey or Indiana 
types of vesicular stomatitis virus (vsv) 
were subjected to heating at 56 or 600 
for 30 minutes 

2) Dilutions of control and heated suspen 
sions of New Jersey-type vsv were inocu 
lated into suckling mice, cattle, guinea pigs, 
embryonating chicken eggs, and tissue cul 
tures of calf kidnéy cells. In experiments 
with the Indiana-type vsv, only mice and 
embryonating chicken eggs were used 

3) Heating of tissue suspensions contain 
ing vsv rendered them noninfective for the 


Q 
0 


Virus suspension 


Antigen 
ontrol 


mediums used, whereas the complement 
fixing activity of heated 
was not significantly affected 

4) The heated suspensions did not ex- 
hibit objectionable turbidity or hemolytic 
and anticomplementary properties 

5) Vesicular stomatitis virus in bovine 
tongue epithelial suspensions, which have 


Vsyv SUSPeHSIONS 


been heated as indicated, may be used as 
antigen in the complement-fixation test 
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A Simple Technique for the Inoculation of the Chorioallantoic 
Membrane of Chicken Embryos 


JOHN R. GORHAM, D.V.M., Ph.D. 


Pullman, Washington 


MANY METHODS have been reported for the 
inoculation of the chorioallantoic 
of incubating hens’ 


mem 
brane (¢.a.m 
In general, they are variations of Burn 
“dropped membrane’’ technique 
method described herein modification 
of the air sac approach first reported by 
Brandly 

In Brandly’s method, a triangle or cir 
shell and outer shell 
membrane and the test material inocu 
lated beneath the inner shell membrane 
onto the cam, A slight elevation and wet 
ting of the inner shell membrane at the 
inoculation is the criterion of satis 


r 
t 


t's 


Is a 


cle is cut in the 


site of 
factory inoculation, 

It was accidentally discovered in’ this 
laboratory that if the inoculum is dropped 
onto the inner shell membrane and if the 
inner shell membrane and the ¢.a.m. are 
pierced with the needle, the inoculum will 
Some virus Is 


Pass rapidly onto the ¢.a.m 
Thus, 


also carried into the allantoic sac 
the need for visualization of the inner shell 
membrane is eliminated 

Insertion of the needle through a small 
hole over the center of the air sac and re 
was 


inoculum im the air sae 


This technique has 


lease of the 
suggested by Gillespie 
used in commercial 
federal 
number of 


been production 


now 
laboratories for the 
cultivation of a different vi 
Fabricant * reported that this tech 
isolation of 
New 


bronchitis 


and state and 


ruses 
nique is satisfactory for the 
fowlpox, infectious laryngotracheitis, 


castle disease, and infectious 


viruses. Furthermore, the method is more 


satisfactory for the initial isolation of the 


infectious bronchitis virus than the allan 
for route 
The method for th 


distemper and bluetongue virus in 


growth of modified 
chicken 
embryos, as used in this laboratory, is as 
After eight days 


follows incubation, the 


OUTER SHELL 
MEMBRANE 


INNER SHELL 
MEMBRANE CHORIOALLANTOIS 


i—Insert needle vertically into the air sac 
end of the egg and deposit inoculum onto the 
inner shell membrane. Continue insertion along 
the long axis of the egg, puncturing the inner shell 
membrane and the chorioallantois. 


Fig. 


eggs are examined by transillumination to 
determine the viability of the embryo, The 
shell painted with an 
alcohol?e iodine, An 
sufficiently large to admit a needle, is made 


over the air sac is 
solution of opening 
with a nail point or drill in the center of 
the blunt end of the egg (fig. 1 A tuber 
to to 
24-gauge needle are employed. With the 
vertical the needle 
through the hole to a depth of 
and O.2-ml. of inoculum 

The 
passed down the long axis of the 
depth of about 1 
opening in the shell may be 


culin syringe and a 1! 


eyy ill a 


Position, 
inserted 
about inch, 


released into the air sa needle j 
lo ua 
removed, The 


closed 


neh and 
a 


The 


drop of collodion or melted 


inoculated embryos are ineubated im 


in an mecubator having an automatie tur 
ing device,* 

After 
with 
at the 


of scissors 


incubation, the omtened 


is 


hole is eur 
vith a 


antiseptic solution and a 


pointed end of the pair 
This hole should be 


embryo by 


just large 


enough to release the venth 


Mar fact 


‘ NEEOLE | 
SHELL | 
| | 
| 
_ 
of Aw t t nut | 


J.R 


shaking. The ¢.a.m. will remain adherent 
to the inside of the shell and can be har- 
vested separately 

This technique can be employed for the 
initial isolation of various unadapted vi 
ruses to growth in chicken embryos. It per 
mits, in a single injection, a combination 
allantoic cham 


inoculation of the ¢.a.m., 
ber, and yolk chamber 


(JORHAM 
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Effect of Choline Deficiency on Chronic Selenium 
Poisoning of Rats 


IRENE ROSENFELD, Ph.D., and H. F. EPPSON, M.Sc. 


Laramu 9 Wyoming 


CONSIDERABLE livestock in the 
western states are due to acute or chroni 
selenium poisoning. Previous investigators 
have demonstrated that the toxicity of se 
lenium was influenced by various dietary 
factors. Lewis et al.’ reported that 30 per 
cent casein afforded significantly more pro 
tection against selenium intoxication with 
20 to 50 p.p.m. than did an equicalorie 
diet of 6 per cent casein. Methionine (0.45 
to 0.89%) added to a 6 per cent casein 
diet gave the same protection as 30° per 
cent casein. Rosenfeld and Beath®?® re 
ported that a high protein diet reduced the 
severity of selenium toxicity. 

Jacobi and Baumann * fed 17.5 and 70.0 
p.p.m. of sodium selenite in an indirect at- 
tempt to lower the labile methyl supply in 
choline-deficient animals, since in selenium 
toxicity there is a garlic-like odor which 
was ascribed to the formation of methyl 
selenide. They reported that diets con- 
taining the above amounts of sodium sele 
nite did not reduce the choline content of 
the tissues. Fels and Cheldelin * were able 
to reverse the inhibition produced by sele 
nate in yeast culture with the addition of 
0.5 to 3.0 mg. pL-methionine. Choline, be- 
taine, homocysteine, and glutathione, either 
in combination or singly, were ineffective 
Klug ef al.° reported that methionine from 
0.5 to 2.0 per cent gave no protection 
against selenosis. Halverson eft al.® ex- 
tracted a fraction from linseed oil meal 
with 50 per cent hot aqueous aleohol which 
reduced the toxicity of selenium 

In chronic selenosis, there is extensive 
liver damage’ and decrease in growth 
rate.” Choline has lipotropie action and is 
essential for the normal growth of ani 
mals; therefore, it was thought to be of 
considerable value to study the effect of 
choline deficiency and choline supplemen- 
tation on chronic selenosis. 
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tract 


MeTHODS 


weighing 
were used as experimental animals 


Male and female Sprague Dawley rats 
45 to 50 Gm 
The animals were allotted to groups of 5 males 
and 5 females each, balanced on the basis of body 
weight. They 
mal was weighed 


were fed ad libitum, and each ani 
weekly 
The 


during the 
food 


experimental 


period of 30 days daily intake was 
recorded, 

The following diets were used: choline deficient 
and ground laboratory chow with or without cho 
line. The percentage composition of the deficient 
diet was as follows: 56.0; easein, vitamin 
free, 20.0; 


4.0 (Osborne and 


sucrTone 
vegetable oil, 20.0; and salt mixture, 
Mendel 
to provide in milligrams 
aus follows: vitamin A, 40.0 
D, 2.5 (400,000 units/Gm 


pherol, 50.0; niaein, 45.0; 


Vitamins were added 
per kilogram of ration 
200,000 units, Cim 
toco 


vitamin alpha 


riboflavin, 10.0; pyri 
doxine hydrochloride, 10.0; thiamine hydrochloride, 
10.0; 30.0; 


Chemical an 


calcium pantothenate, biotin, 
folie acid, 0.9; 


alysis indicated that the choline-deficient diet eon 


vitamin By, 0.02." 
a dry- weight, fat 
that 
severe growth inhibition did not follow the use of 
diet. The degree of fatty meta 
morphosis in the liver extensive enough 


tained 15.0 per cent protein on 


free basis. Preliminary experiments showed 
choline-deficient 
was not 
to overshadow the damage produced by selenium 
When 
diets, it was always at a 
The given 


injections of 15 mg. of 


choline chloride was ineorporated in the 


level of 0.2 per cent 


principals were daily intraperitonen! 
sodium 
The eon 


received the same diet but no selenium 


selenium, as 


selenate, per kilogram of body weight 


trols 
performed at the termination 


Necropsies were 


of the experiment (30 days or at the time of 
death and kidney, 


gonads, spleen, and panereas were fixed in 4 per 


samples of liver, idrenals, 


formalin, Sections were prepared 


histological 


cent isotonic 


by the usual techniques and stained 


with hematoxylin-eosin, Fat determination in the 
liver was carried out according to the method of 


Bixby ef al 


The growth rates of the animals on the 


various diets with and without selenium 


injection and dietary choline supplements 
are indicated (fig. 1 Regardless of diets 
used, the growth rate of the selenium-in 


jected rats (principals) was less than that 


‘ 
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of the controls. Selenium-injected animals 
had an average weekly gain of 11.1 Gm 
than the animals which received no 
selenium. The standard error of this dif 
ference was 1.2 gr. Indicating that the 


less 


MeMALE 

«FEMALE 
CONTROL 


wr 
PER Day 


— WEEK 


GAIN 


LAB DIET 
+ O% 
CHOLINE 


CHOLINE= LAB. DIET 
DEF + O2% 

CHOLINE 

Fig. 1—Effect of choline on selenium intoxication 
in rats. 


CHOLINE 
DEFICIENT 


difference in the growth rate between sele 
nium and nonselenium groups was highly 
significant. Typical signs of selenium in 
toxication appeared than week 
after the animals were on the choline-defi 
client diet plus selenium, The females in 
this group were far more susceptible to 
selenium intoxication than the males. The 
growth was slow and decidedly subnormal, 
greasy in appearance, 
ruffled (fig. 2 It 


previous investigators 


less one 


the animals were 
and the fur 
been reported by 
that the females are more susceptible to 
selenium poisoning than the males.” This 
susceptibility was more evident when the 
diet was deficient in choline than when the 
choline supplement was added to the same 
diet The growth 
injected animals increased from an aver 
age of 6.5 Gm, to 13.5 Gm. when 
was added, suggesting that choline supple 


was has 


rates in the selenium 


ROSENFELD AND H 


F. Errson im. J. Ver. Res 
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mentation under our experimental condi 
tions had beneficial effect on the growth 
retardation produced by selenium 

The differences in growth rates in the 
selenium-injected were partially 
due to differences in food intake especially 
in the latter part of the experiment. Dur- 
ing the first week, both the principal and 
control rats consumed 10.0 to 12.0 Gm. of 
food per day. As the selenium injections 
continued, the food intake of the principals 
decreased to 6.0 to 7.0 Gm. per day: this 
effect was most prominent in rats fed the 
choline-deficient diet. There was some re- 
duction in food intake as soon as selenium 
intoxication evident. Animals 
which died of intoxication usu 
ally developed anorexia one or two days 
before death. 

The effect of choline and selenium on 
fat deposition in liver is shown (table 1] 
The level of liver fat showed some increase 
on the choline-deficient diet. Nino-Herrera 
et al.’° reported higher liver fat values for 
animals fed choline-deficient diets contain- 
ing 9.0 to 18.0 per cent casein, respectively 
The choline-deficient diet used apparently 
contained a considerably higher concentra- 
tion of labile methyl donors than did the 
diet used by the above investigators. The 
lower fat values in the choline-deficient 
plus selenium group were attributed to the 
fact that 70 per cent of the animals died 
within 23 days. Animals of this group 
which were killed at the end of 30 days 
had on the average 23.1 per cent fat in the 
liver (dry-weight basis). These results in 
dicate that administration of selenium for 
40 days had no influence on fat metabolism 
in the liver 

There was a definite correlation between 


animals 


became 
selenium 


growth rate and the percentage of survival 
of the principals. Animals given the cho 
line-deficient diet plus selenium showed the 
least weight; only 30.0 
per cent survived the 30-day experimental 


increase body 


Fig. 2—Female rat on left on choline-deficient diet. Female on right on choline-deficient diet 
plus selenium showing stunted growth and ruffled greasy fur. Animals had been on the diet 
for 21 days. 
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period. In the group receiving selenium, 
the addition of choline to the choline-defi 
cient diet increased the survival rate to 
70.0 per cent. When animals were fed a 
well-balanced laboratory diet plus choline 
plus selenium, 100 per cent survived the 
40-day experimental period 
Histological Studies. 
will be limited to the liver 
since other organs showed only 


The 
and kidneys, 
slight 


discussion 


group differences. 

In choline deficiency, fatty metamorpho 
sis in the livers was irregular in its distri 
bution. The affected were enlarged 
and spherical. The nuelei as a rule were 
pushed to the periphery. The cytoplasm 
nuclei of nonfatty cells showed in 
hyperchromatosis (fig. 3A No 
necrosis Was present. Koch-Weser ef al.™ 
and Nino-Herrera et al.'’° reported a more 
diffuse fatty metamorphosis in animals fed 
a choline-deficient diet. However, the cho 
line-deficient diet they used was lower in 
than the one used in our experi 
ments. The livers of animals, which were 
on the choline-deficient diet were in 
jected with selenium and died at the early 
part of the experiment, showed mainly 
hepatic cell damage. The cytoplasm of 
some of the hepatie cells was swollen and 
and the cell boundaries were 
Some of the nuclet were pyk 


cells 


creased 


protein 


and 


vacuolated 
undefined 
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notic while others were hyperplastic with 

considerable karyorrhexis. There were 

areas of focal necrosis but necrosis was not 

the dominating pathological change in this 

group. The sinusoids showed some dilata 

1—Effect of Choline and Selenium on 
Fat Deposition in Liver 


TABLE 


Choline Liver Total 


chloride eights liver fat 


Choline deficient 
Choline-deficient 
Choline- deficient 


holine- deficient 


5 
Laboratory diet 6.5 
Laboratory diet 


Laboratory diet 0 2 15.2 

! 

! 


Laboratory diet 0.2 
injections of 1.5 me of selenium 
of body weight da On a dry 


Intraperitoneal 
sodium selenate/ke 


eight basis 


tion (fig. 3B) 
same diet as the above group but killed at 
the termination of the experiment showed 
localized diffuse fatty metamorphosis with 


In some areas 


Liver tissue of animals on the 


varying degrees of necrosis 
in the liver, fatty 
tally 
cells of the liver lobules 
ing degrees of dilatation of the sinusoids 


metamorphosis was to 


absent, or it involved only a few 


There were vary 


with a considerable degree of periportal 


hemorrhages 


Fig. 3—Pathological changes in liver of rats fed the various diets plus selenium. Hematoxylin 
and eosin stain. 


A) Effect of choline-deficient diet. 


indistinct. 


Diffuse fatty metamorphosis in hepatic cells and nuclear 
hyperchromatosis. 
B) Effect of choline-deficient diet plus selenium. Focal necrosis 
A few nuclei are hyperplastic, others are pyknoti« 


x 59. 
The cell boundaries are 
Early dilatation of sinusoids. 


(Rat died in 10 days.) x 295. 
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When the choline-deficient diet was sup- 
plemented with choline plus selenium, the 
additional choline did not protect the liver 
from selenium damage. The normal lobu- 
lar structure of the liver was destroyed, 
the liver cells disappeared and were re- 
placed by dilated sinusoids, and the few 
remaining cells were separated by edema 
tous fluid (fig. 4A). These lesions were fo 
cal in distribution, and some areas were 
completely involved while others 
spared, 

Animals, which were ou laboratory diet 
with or without choline plus selenium and 
which were destroyed at the end of the 
experiment, showed slightly less liver dam- 
age than did animals on the other diets. 
The main pathological change was dila 
tation of the sinusoids which were filled 
with nests of round cells surrounded by 
degenerating hepatic cells (fig. 4B Peri 
portal hemorrhages and irregular capillary 
congestion were also observed 

In the kidney, casts and tubular necrosis 
with calcification were the most consistent 
damage to animals on the choline-deficient 
diet with or without choline supplement 
plus selenium. Christensen '*? deseribed 
renal changes in animals fed low choline 
and choline-deficient diets. Rosenfeld and 
Beath’ reported tubular damage with or 


were 
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without calcification in chronic selenosis. 
However, the choline content of these diets 
was not determined. Therefore, whether 
choline deficiency played any important 
part in tubular damage and calcification 
could not be stated at the present time. 
The results indicate that while choline can 
overcome the growth-inhibiting effects of 
selenium to some degree, it does not pro- 
tect the liver and kidney against damage 
by selenium. 


DISCUSSION 


It is doubtful that the action of cho- 
line on selenium detoxication is the result 
of the formation of volatile methyl com- 
selenium. and Ban- 
characteristic garlic- 
cirrhosis in the 


pounds of Jacobi 
mann detected a 
like odor and observed 
liver of animals which received selenium 
in the diet, but they failed to detect any 
decrease in the choline content of the tis- 
sues, They stated that the amount of labile 
methyl used for selenium detoxication was 
insignificant. Our results indicate that the 
addition of choline to the choline-deficient 
and laboratory diets increased growth rate 
and reduced mortality but was ineffective 
in preventing or reducing liver and kidney 
damage produced by selenium. Sellers et 
al,’* reported that supplements of methio- 


Fig. 4—Pathological changes in liver of rats fed the various diets plus selenium. Hematoxylin 
and eosin stain. 
A) Effect of choline-deficient diet plus 0.2 per cent choline plus selenium. The lobular structure 
has disappeared and liver cells are replaced by dilated sinusoids. Focal necrosis. x 59. 


B) Laboratory diet plus selenium. 


Foci of necrotic cells. 


Dilated liver sinusoids filled with nests of 


round cells. 
x 295. 
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Errect oF CHOLINE 
nine and alpha tocopherol protected the 
liver against selenium damage, but that 
choline reduced liver damage in only 3 
of the 10 selenized animals. They pre- 
sented data on the average increase of 
body weight of animals on a basal diet 
plus selenium with or without choline. 
Their results indicated that choline added 
to selenized basal diet increased the body 
weight. In a similar experiment, methio- 
nine supplementation had no effect on the 
body weight. The differential effect of 
choline and methionine on growth rate 
and on liver damage would exclude the 
possibility of a lipotropie activity of cho- 
line at physiological levels in chronic 
selenosis. 

In our experiments, there was a high 
correlation between body weight and liver 
weight but no correlation between liver 
weight and liver damage. The average 
weight of livers from animals on the labo- 
ratory diet with or without choline sup- 
plement and selenium showed only slight 
differences. 

Pathological changes in the tissues stud- 
ied in this experiment were not as far ad- 
vanced as were those reported by Lillie 
and Smith'* and Rosenfeld and Beath.'® 
The extent of damage varied from animal 
to animal, and there was also variation 
within the same liver lobe. Animais which 
died earlier showed less liver damage than 
did animals which lived longer. There was 
no advanced cirrhosis present in any of 
the livers studied. It has been suggested 
that the toxie effects of selenium 
pounds probably are manifold and that 
more than one system is involved. From 
this study, it is evident that the extent of 
liver damage and death from selenium in 
toxication show no direct correlation 

It is that addition of 
may reduce the tissue 

Further studies will 


com- 


possible 
choline to the diet 
damage by selenium 
to determine the effects of 
increased choline supplementation on se 
cattle 


be carried out 
lenium intoxication in sheep and 


SUMMARY 


of choline-deficient and labo 
without 0.2 


selenosis 


The effect 
ratory diets with or 
choline chloride on 
studied in young growing 


per cent 


chronic Was 


rats 


DEFICIENCY ON Rats 


Animals given the choline-deficient diet 
plus selenium had a lower growth rate and 
a higher mortality rate than those on the 
same diet without selenium 

Selenium-injected animals showed an in 
creased growth rate and decreased mortal 
ity rate when 0.2 per cent choline chloride 
was added to either the choline-deficient or 
laboratory diets. 

The administration of selenium had no 
effect on the fat deposition in the liver 

Addition of 0.2 per cent choline chloride 
to the diets failed to protect the liver and 
kidney against selenium damage. The early 
pathological changes in the liver and kid 
ney of the animals given selenium were 
discussed. 
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A Turbidimetric Method for the Evaluation of 
Proteolytic Enzymes 


Major SAMUEL W. THOMPSON, Ii, V.C., U. S. Army 


Ames, lowa 


IN A CURRENT stupy of the effects of five 
proteolytic enzymes on rabies virus, it was 
necessary for the author to devise 
dures for measuring the proteolytic activ- 
ity manifested by each enzyme on brain 
A method was needed to determine 
the amount of time required by a given 
quantity of a given proteolytic enzyme, at 
a given temperature, to produce maximal 
proteolysis of a substrate The 
maximal limitations as to the duration and 
temperature of the reaction were predeter 
mined on the basis of the known effects of 
these physical forces on the viability of 
rabies virus. The maximal quantity which 
could be used of any given enzyme was 
predetermined by known nontoxic 
levels established by intracerebral inocula 
tion of mice.’° Within these arbitrary 
limits, it was necessary to determine the 
minimal amount of enzyme which would 
produce maximal proteolysis of a brain 
tissue substrate 

Several methods exist for the measure 
ment of the proteolytic activity of pure 
and erude enzyme preparations.**° The 
methods of assay reported in the literature 
did not appear to offer a solution to the 
problems associated with this study 

The procedure evolved was a modifica 
tion of the Klett-Summerson * method, for 
the colorimetric determination of protein 
in cerebrospinal fluid, which is a standard 
laboratory diagnostic procedure 
ered to be sufficiently accurate for routine 
The method consists of turbidi 
metric determinations of the percentage of 
decrease in the protein value of a brain 


proce 


tissue 


specific 


dose 


consid 


Purposes 


tissue substrate occasioned by proteolysis 


Mernops or Procepurt 


Vethod The modifieation of the 


method® for the 
of protein in cerebrospinal fluid consisted of mak 


Turbidimetrie 


Klett-Summerson determination 


ing four colorimetrie readings of 1:100 dilutions 


of the samples at zero hours, and at various time 


intervals subsequent to zero hours. The average 


of the readings obtained at zero hours served as 


Major assigned to the Armed 


Washington, 


Thompson ia currently 


Institute of Patholo 


the standard, and the average of each of the sub 


sequent readings as the basis for calculation of 
the pereentage of protein degradation 

Proteolytic En The five 
zymes* employed were rhozyme P-11 and 
fungal 


protease 


ymes proteolytic en 


trypsin; 
and bacterial 


protease 15,’ proteases, re 


spectively; (trypsin),” which is composed 


of both proteases and peptidases; and 
filtrates of a 


of an aerobie soil saprophyte 


proteinase 


which is produced from culture 


Turbidimetriec Determinations Four distinet 


groups of turbidimetric determinations were made 
as follows: 

Degrada 
Enzymes in the 


Solutions of each of the 


1) Determination of the Amount of 
Occurring in Solutions of 
Absence of a Substrate 
trypsin, 0.125 
15, 0.125 Gm 


tion 


enzymes Gim.; rhozyme P-11, 0.1 
protease 


0.125 


protease 
A, 2,500 


(trypsin 


; proteinase units——were 


prepared to a total volume of 10.0 ml. in diluent 
Each solution was 


tube 


\ (physiological salt solution 


prepared in a sterile, stoppered test and 


thoroughly mixed by flushing ten times with a 


separate, sterile, 5.0-ml. pipette 
10.0 ml, of 


that of the five 


The control consisted of diluent A 


mixed in a manner identical to 


enzyme solutions, 


Colorimetric readings were made on the eontrol 
and each of the five enzyme solutions immediately 
These 
The control and samples were 
bath. Subse 


were made after 


after preparation, recorded as the 


zero-hour readings, 


were 


then incubated at 37C. in a water 


quent colorimetric readings four 


hours of incubation and again at the end of 24 


hours of ineubation. 

2 Determination of the Amount of 
Occurring in Solutions of 
of a Substrate 


brain 


Degrada 
Enzymes in the 
Antibiotics A fresh 
chilled, 


was diluted 


tion 
Presence and 
rabbit 


W aring blendor. 


was emulsified in a sterile, 


The emulsified brain 


to a 20 per cent suspension, by weight, in diluent 


is physiological salt solution containing 1,250 


units of penicillin G and 2.5 mg. of streptomycin 
ulfate per milliliter 
the stock 

Standard solutions were made to a total 


if 10.0 ml. in diluent B of each of the 


This suspension constituted 
substrate, 

volume 
following 
rhozyme P-11, 0.2 


enzymes; trypsin, 0.25 Gm 


(im.; protease 15, 0.125 Gm protease trypsin 
A, 5,000 units The 


determinations 


0.25 Com and proteinase 


amples for turbidimetri were pre 
Trypsin was supplied } 

rhozyme P-11 and proteas 

protease trypsin) | Tah 


proteinase A by Sharp 


Hus 


| 
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adding 5.0 ml. of the 20 per cent brain 
quantities of each of the 
This 


of brain in 


pare d by 


suspension to 5.0-mil 


standard solutions of enzymes. procedure 


resulted in a 10 per cent 


each of the five 


suspension 
final con 
that 


enzyme solutions, The 


centration of each enzyme was identical to 


used in the previous group of determinations 


The controls consisted of a 10 per eent brain 


diluent B This 


mixed and then divided into two equal 


Suspension int SUSpension Wis 
thoroughly 
parts. 

were on the con 


Colorimetric readings 


each of the five immediately 
The 
One control and the five 

37 for 24 
held at 4(C, for a 


were 


trols and 
after 


zero-hour 


samples 


preparation were recorded as the 
sam 


similar 


readings. 


were ineubated at hours 


ples 


duplicate control was 


period of time. Colorimetric readings made 


on the controls and the five samples at the end 
of this 24-hour period 
Rate of 


Enzymes in the 


Degradation 
Pres 
Pres 


cent 


3) Determination of the 
Occurring in Solutions of 
Antibioties in Conjunetion with the 
Substrate.-A 20 per 


ence of 
ence or Absence of a 


brain in diluent B was 


rabbit 
prepared in a manner identical to that used in the 


suspension of fresh 


second group of determinations. This suspension 


stock 
Standard solutions of each of the five 


constituted the substrate 

enzymes, 
in diluent B, were made in a manner identical to 
that 


Two sets of 


used in the second group of determinations 
samples for turbidimetrie determina 
tions were prepared. One set consisted of 10) per 
suspensions of brain in each of the five en 
This set 


samples employed in the 


cent 


zyme solutions wis prepared in Simi 


lar manner to the second 


group of determinations. The second set of sam 
5.0 ml. of each standard solution 
This set 
first 


that 


ples consisted of 
added to 5.0 ml. of diluent & 
that 


of enzyme 


of samples was similar to used in the 


with the exeeption 
than diluent 


group of determinations, 


diluent B was employed rather 


Two sets of controls were prepared One set 


consisted of a 10 per cent suspension of brain in 
This 
ner identical to the 


parts The 


mixed in a man 
and then divided 


other set consisted of 


diluent B SUSpension Was 


test samples, 
into two equal 


20.0 ml. of diluent B, which was divided into two 


equal parts 


readings were made on the two 


Colorimetric 


samples ifter 


recorded as the 


controls and 
These 
control and the five 
at 37 ¢ for 24 
held at 4¢ for a 
rendings were 


sets of 


preparation were zero-hour 


rending \ samples of 
et were incubated hour 


ite controls were 


period Colorimetric 
controls and four 


'4-hour 


Detern 


samples at two-, 
subsequent to zero hours 


Amount 


ntervals, 
ination of the of Degrada 
on QOceurring in Solutions of Enzymes it a 
the Presene¢ ind Absence of Antibioti W ithout 
Substrate and (b) the Presence of Substrate witl 
or Without Antibiotics Two rabbit 


ilsified in chilled 


brains 


War 


fresh 


separately em sterile, 
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ing blendors. One emulsified brain was diluted to 


a 20 per 
The other brain 
ent B. These two 20 per cent 
tuted the stock 


Two sets of 


cent suspension, by weight, in diluent 


was similarly suspended in dilu 
SUSPCHsions consti 
substrates 

standard solutions of each of the 
five enzymes method 


as that 


were prepared by the 
third 


used in the seeond and groups of 


determinations, One set was using «i 


luent A and the other using diluent B 


Four sets of samples for turbidimetrie determi 


nations were prepared in a manner similar to that 


used in the seeond and third groups of determina 


tions, with the following exceptions The first set 


consisted of a 10 per cent suspension of brain in 


solutions in 


to that 


diluent A in each of the five 
diluent a. The 
in the 


second set was similar used 


second and third groups of determinations 
and consisted of a 10 per cent suspension of brain 
solutions 


in diluent in each of the five enzyme 


in diluent gp. The third set was identieal to that 


used in the first group of determinations and con 
ench of the standard 
diluent Aa. The 
each of the 


idded to 5. 


sisted of 5.0 mil. of 


tions of enzymes in fourth set 


consisted of 5.0) mil of standard 


solutions of enzymes in diluent 8 


ml, of diluent B 


Four sets of controls were prepared The 


and second sets consisted of a 10 per cent us 


pension of brain in diluents A and B, re 
These 


eal to the 


pectivel 


suspensions were mixed in @ manner ident 


test samples, and then divided into twe 
third and fourth set 
10.0 mil, of diluents 


divided 


equal parts per control, The 
of controls consisted of 


B, respectively, which were each into 


equal parts 


Colorimetric readings were made on the 


sets of controls and samples immediately aft 


preparation. These were recorded as the zero-ho 


control and the five samples of « 
for fo 


r set of 


reading» \ 
of the four 
hours The 


samples wer 


sets were ineubated at 37 ¢ 


duplieate controls for the fou 


held at 4. for the same length of 


time. Colorimetric reading vere made at the 


four-hour ineubation period 


Percentage of DD 


of the 
Calculations for 


fal Protein With 


enting the 


repre 
the colorimetric readings 

sequent to zero hours, the 
total 


in the proteir 


Calculations 


centage 


given 


first 
t any given he 
percentage of 
enle by the f 
: 
/ i 
Brain ge of 
n protein, f b 
ned tracting t ft tag 
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ResULTS 


The percentage of decrease in total pro 
tein calculated from the colorimetric read 
ings made on the negative control and the 
five test solutions of enzymes in the ab 
sence Of a substrate are shown as determi 
nation 1 (table 1). The results of this de 
termination indicate that trypsin, rhozyme 
’-11, protease 15, and proteinase A evi 
denced no proteolytic activity when incu 
bated at 37 C. for 24 hours in the absence 
of a substrate. 

Protease (trypsin) did exhibit 
lytic activity when incubated at 37 C. for 
four hours or longer, as evidenced by a 14 
per cent decrease in the protein value of 
the enzyme in the absence of a substrate 
This indicates that protease (trypsin) 
probably contained some nonenzyme pro 
tein material. The manufacturer” stated 
that it was not a purified enzyme prepa 
ration 

A suspension of rabbit brain emulsion 
containing a standard amount of antibi 
otics was employed as the substrate in de 
termination 2 (table 1). The percentages 
of decrease in total protein and brain pro 
tein calculated from the colorimetric read 


proteo 


TABLE 
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ings made on the five test solutions of en 
zymes and negative controls are shown in 
the table. 

By comparing the percentage of decrease 
in the protein value of the substrate in the 
of each enzyme with the values 
obtained with the negative controls, it was 
indicated that antibiotics in the presence 


presence 


of the substrate did not possess proteolytic 
activity. 

In the 
rate of degradation occurring in solutions 
of enzymes in the presence of antibiotics 


series of determinations of the 


in conjunction with the presence or ab- 
sence of a substrate, solutions of enzymes 
and negative controls similar to those em- 
ployed in determination 2 were used as one 
set of test solutions. These were compared 
with 


controls containing identical quantities of 


solutions of enzymes and negative 
antibiotics in the absence of a brain emul- 
sion substrate. The percentage of decrease 
in total protein and brain protein, when 
applicable, was calculated from the colori- 
metric readings made at two-, four-, six-, 
12-, and 24-hour intervals on each test so- 


lution. The protein values for the fourth 


i—Deciease in Protein Values Occurring in Five Enzyme Solutions Incubated at 


37 C. in the Presence and Absence of Antibiotics and the Presence of Brain Tissue with and 
Without Antibiotics 


Percentage of decrease in protein values 


Teast solutions 
Substrate No substrate 


Antibiotics Present Absent 


Hours at ¢ 24 24 


Determination 1 
Trypsin 
Rhozyme I’ 
Protesse 15 
Protease (tryps 
Proteinase A 
Determination 2 
Trypsin 
Rhozyme 
Protease 15 
Protease (trypsin 
Proteinase A 
Determination 
Trypsin 
Rhozyme 
Protease 15 
Protease (trypsin 
Proteinase A 
Determination 4 
Trypsin 
Rhozyme 
Protease 15 
Protease (trypsin 
Proteinase A 
Determinations 1, 2 
37 C. neg. control 


4C. neg. control 


Total protein 


Brain protein 


Brain tissue Brain tissue 


Present Absent Present Absent 


24 24 4 24 
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TURBIDIMETRIC EVALUATION 


and twenty-fourth hour are shown as de 
termination 3 (table 1) 

None of the five enzymes tested pro 
duced any measurable amount of proteoly- 
sis by the end of the second hour. Maxi- 
mum proteolysis occurred between the 
second and fourth hour of incubation. No 
increase In the amount of proteolysis was 
detectable after the fourth hour of incu 
bation 

A comparison of the results obtained 
with the five enzymes in the presence of 
brain tissue and antibiotics with the results 
obtained with antibiotics without brain 
tissue indicate that the antibiotics did not 
exert any detectable influence on the pro 
teolytic activity of the enzymes. These re 
sults tend to confirm those of determina 
tion 2. 

The fourth group of determinations 
(table 1) constituted a recheck of the pre 
vious three groups of determinations. Four 
series Of suspensions of identical quanti 
ties of enzymes used in the previous three 
groups of determinations were employed 
as test solutions. The decrease in total pro 
tein and brain protein, when applicable 
occurring in each series of suspensions ana 
controls after four hours incubation at 37 
(. was determined. 

The results obtained with the five 
zymes in the absence of a substrate and 
antibiotics in determination 4 confirm the 
results shown for determination 1. These 
collective results indicate more definitely 
that, with the exception of protease (tryp 
sin), none of the enzymes evidenced prote 
olytic activity when incubated at 37 .C. in 
the absence of a substrate. In determina 
tion 4, it was again indicated that the pro 
teolytic activity of the five enzymes is not 
detectably influenced by the of 
antibiotics, either alone or in the presence 
of brain tissue. 

In determination 4, the results obtained 
with the five enzymes in the presence of 
brain tissue were similar to those obtained 
in determinations 2 and 3. In each of these 
groups of determinations, it was apparent 
that with all five enzymes, maximum pro 
teolysis occurred by the fourth hour of in 
37 C No the 


en 


presence 


cubation at increase in 


amount of proteolysis was detectable after 
the fourth hour of incubation. 
The results shown in table 1 also tend to 


indicate the degree of proteolytic effective 


‘ 
ness of each enzyme preparation. Trypsin 
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and rhozyme P-11 appear to be more effec 
tive than 15, protease (trypsin 
and proteinase A, Protease 15 and pro 
tease (trypsin) were equally efficient. Pro 
teinase A was the least effective of the five 
enzymes tested. The procedures employed 
in each turbidimetrie determination of the 
proteolytic activity of the five enzymes 
were repeated a sufficient number of times 
to ascertain that the results obtained were 
consistent 


prot euse 


DIsCUSSION 


In the series of turbidimetric determina 
tions conducted in this study, the pH of 
each proteolytic enzyme reaction was as 
certained to be in the range of 7.4 to 7.6 
Although this pH range was not the opti 
mal pH for each enzyme used, it was 
within the effective range of each of the 
five enzymes." According to Bodansky, 
the activity of an enzyme depends upon 
the pH at which the reaction takes place 
At a certain pH, the enzyme may undergo 
destruction while it acts on the substrate 
On the other hand, even though there is no 
destruction of the enzyme, the rate at 
which it acts depends on the pH of the so 
lution. There is a certain pH for every 
enzyme at which the reaction velocity 
optimal. It is apparent that the pH, had 
it been at an optimal concentration for 
each enzyme, could have resulted in either 
a greater degree of proteolysis or a de 
crease in the reaction time. 

The incubation temperature of each pro 
teolytic enzyme reaction conducted for the 
turbidimetric determinations was held 
37 C., since temperature also has a definite 
relationship to the velocity of an enzyme 
reaction. For each enzyme, there is an op 
timal temperature range at which the reac 
tion velocity is greatest. Grob,® in his dis 
which affect the 
tivity of proteolytic enzymes, states that 


Is 


at 


cussion of conditions ac 
most of these enzymes are very active at 
37C., slightly 
short exposure temperature 
37 and 60C., slightly impaired by a tem 
perature of 65C., 
lution, above 70C 


in activity by 


to a between 
and destroyed, if in so 
The necessary temper 
ature varies inversely with the length of 
time of the The temperature of 
37 C. was within the effective temperature 
range of each of the five proteolytic en 
zymes tested. This temperature 
lected because the enzymes under investi 
intended for later the 


reaction 


WAS 


vation were use in 
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study of their effects on rabies virus. It 
was essential to assay the activity of the 
enzymes in relation to their subsequent 
utilization, From a review of the litera 
ture as to the effect of heat on rabies virus, 
it appeared that 37C. was the highest 
temperature which could be employed 
without adversely affecting the virus while, 
at the same time, providing an effective 
temperature for the enzyme reactions 
The results obtained in the turbidimetric 
correlated well with the 
described by Bodansky' and 
Grob,’ which control the velocity of en 
me 


determinations 
factors, as 
reactions, such as: concentration of 
substrate, concentration of enzyme, pH of 
the reaction, and inactivation of the en 
zyme. The belief that the decrease in the 
protein value of the substrate was a direct 
indication of the proteolytic activity of the 
enzymes tested is based on the following 
factors: significant decreases in the protein 
value of the substrate were recorded when 
the substrate incubated at 37C. for 
four to 24 hours in the of each 
enzyme; no decrease in the protein value 
of the recorded when the 
substrate 
ner in the absence of enzyme 

this turbidimetric 


Was 
presence 
substrate was 


was handled in a similar man 


By means of proce 


dure, it was possible to determine that each 
of the five proteolytic enzymes used in this 
study 
protein when employed in concentrations 


were capable of degrading brain 
would not 
in mice 
made it possible to ascertain the amount of 


that 
zyme shock '° 


produce proteolytic en 


The procedure also 
time required at 37. for each enzyme to 


accomplish maximum proteolysis of the 
In this regard, it was partie 
find that 


preparation, the 


brain tissue 


ularly interesting to with each 


enzyme-brain emulsion 
reached by 
37 This 


establish a 


end pom|t of the reaction was 
the fourth hour of incubation at 
possible to 


finding made it 


standard incubation schedule of four hours 
at 37 C 
of the 
virus 


for the subsequent investigations 


effect of these enzymes on rabies 


rn 
THOMPSON AM 


J. Ver. Res 


JULY 1957 


( ONCLUSIONS 


In view of the results obtained with the 
modified Klett-Summerson method for the 
colorimetric determination of protein, it is 
felt that this method might be suitable for 
assaying the activity of proteolytic en- 
zymes on any suitable substrate. The 
method could lend itself to the determina 
tion of the influence on the rate of prote 
olysis of various factors which might in 
fluence the velocity of a given proteolytic 
enzyme reaction 


SUMMARY 


A turbidimetric method for the assay of 
the velocity of proteolytic enzyme reac 
tions, under given conditions which effect 
this rate of velocity, was described. By 
this method, trypsin, rhozyme 
P-11, protease 15, protease (trypsin), and 
proteinase A were assayed for their pro 
teolytic effect on a brain tissue substrate 
Significant decreases in the protein content 
of the substrate produced by 
teolysis with each of the five enzymes. In 
the case of all five enzymes, no detectable 


Meals of 


were pro- 


proteolysis occurred until after the second 
hour at 37 C. No additional increase in the 
amount of proteolysis occurred after the 
fourth hour 
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The Intradermal Sarcocystin Test 


F, |. AWAD, Ph.D., B.V.Sc., M.R.C.V.S. 


Khartoum, Sudan 


IN view of the promising results obtained 
from the application of the skin tests in 
the diagnosis of some bacterial, viral, my 
cotic, and parasitic diseases, it was decided 
to investigate the possibility of applying 
the skin test in the diagnosis of sarcospori 


cliosis. 


MATERIAI Meriops 


Preparation of the 
infected 
lected from the 


Antigen Sheep esophagi 


with macroscopic surcocysts were col 


abattoir. The cysts were excised, 
sterile container, weighed, and a 
their 


This was quickly 


collected in a 


10.0 per cent suspension of contents was 


prepared in saline, frozen in a 
(©. refrigerator and rapidly thawed; this process 
was repeated three times. After 15 hours in an 
ordinary refrigerator, the suspension was centri 


fuged at 4,300 r.p.m. for two hours. The clear 


supernatant fluid was removed and normal saline 
containing 0.1 per cent merthiolate was added to 
ultimate concentration of merthiolate of 
This constituted the 


the skin test It wus 


give an 


1: 10,000 final antigen for 


frozen and stored at low 
temperatures 

After 
skin in the region of the flank or back was washed 


Technique ] area of 


epilation, an 
with warm water and dried sefore injection, 
the thickness of the skin at the site of inoculation 
was measured with a caliper. (3) The test dose of 
0.1 ml 


ind the 


of sarcocystin was inoculated intradermally 
same quantity of the diluent was injected 
about | ineh away for comparison The reaction 
wis observed 24, 48, and 72 hours later 


EXPERIMENTAL RESULTS 


A) Assay of Antigen on Artificially Im 
The test 
ried out on 6 adult male guinea pigs which 
had been artificially immunized by injeet 
with O.1 ml. of 
! peated a 


munized Guinea Pigs was car 


ing each intraperitoneally 
sarcocyst which 
week later. The skin test was carried out a 
week after the 


othe pigs 


antigen, was 


second inoculation Six 


vulnea were used as controls 


nar Research Di ment of 


Animal Pr Ministry of Animal K vurece Khar 
toum Sudar 


The authe 


Garnham, Lo 


ses his gratitude 
School of Hygiene 
under 4 sion tl 
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ying ‘ ottontai 


supery 


TABLE i1—Results of Intradermal Sarcocystin 
Test on Artificially Immunized Guinea Pigs 


Reaction to sarcocystin Reaction to saline 


Anima Erythema dema Erythema Edema 


No 


In 24 


munized 


hours after inoculation, the im 
animals showed an inflammatory 
edema and erythema at the site of injection 
The reaction appeared to reach its maxi 
mum 45 hours after when the 
hemorrhagic area appeared brownish red 
surrounded by hyperemia; edema 
duration were still marked, On the 
day, the reaction began to 
disappeared within the week. In the con 
trol guinea pigs, there 
reaction. The measurements 
the erythema and edema at the end of a 
48-hour period are shown (table 1 

A test was regarded 
erythema and edema measured 1.0 to 2.0 
em, in diameter and doubtful there 
was slight ervthema and a trace of edema 
measuring 0.5 em. or 
the end of the 48 hours 

B). Determination of the 
lion of the Antigen.—Six 
munized guinea pigs were placed in: three 
of sarcoeystin dilution as follows 
100; group 1:200 


inoculation 


and in 
third 
subside and 
was no noticeable 
obtained of 


positive when 


when 


less in diameter at 
Optimal Dilu 
artificially im 
groups of each animal received 
0.1 ml 
group A, 1 
1.400 

The 1 
maximal 

C) The 
on Guinea Pigs Fed on Sarcocystis 

The test 
pigs. Serums 


and group 


reaction at the 


dilution gave the 
end of 45 
Sarcocystin Test 
Tenella 


antigen 
hour 


Intradermal 


was carried out on 12 
were collected for the 

Awad and 
Awad 1455 
of NS. tenella 


carried 


eom 
test 
test 
feeding 
skin test 


plement-fixation 
and the dye 
days after the last 
later the 


Lainson 


Two days was 


out 


= m m 
' 
i one 
| 
to Professor P. C. ¢ 
und T ical Med 
ind fM tn, f 
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TABLE 2—Results of Complement-Fixation (CF), 
Dye, and Skin Tests on Guinea Pigs Fed Sarco 
cystis Tenella 


Animal No CF test Dye test 


The results of the three tests are shown 
(table 2) 

Of the 12 animals, & reacted positively 
to the skin test, 6 of which were positive 
in the absence of detectable infection; 10 
animals reacted positively to the dye test, 
7 of which were positive in the absence of 
detectable infection; and 4 animals reacted 
positively to the cr test, 1 of which was 
positive in the detectable in 
fection 

These results 
between the positive reactors to the 


absence of 


correlation 


skin 


indicated a 


test and the dye test; such a correlation 


did not exist between the skin test and the 
cr test. No animal gave a positive skin test 
in the absence of the evtoplasm-modifving 
antibody 


TABLE 3—Results of Complement-Fixation, Dye, 
and Skin Tests on Rabbits Fed Sarcocystis Leporum 


Animal No cr test live teat Skin teat 


D) The Test 
on Rabbits 

The tests 
as outlined in experiment ¢ 
(table 3 


Intradermal Sarcocystin 
Fed on Leporum 
were carried out on 4 rabbits, 


Sarcocystis 


results 
wre shown 
The 


rabbit 4, which gave positive results to the 


infection was only demonstrated in 
three tests. Here again, there is a correla 
tion between the skin test and the dve test 
but not with the cr test 


Jin the investigation, the intra 
dermal sarcoevstin tes 


infected 


present 


was carried out on 


experimentally animals 


Occasionally, an animal reacted a 


1. Awap 


reacting equally to 
diluent. The 
reaction began to subside on the third day 
and disappeared by the seventh day. The 
reaction was of the delayed type, similar 
mild tuberculin re 


nonspecific manner 


sarcocystin and the control 


to those observed in 
actions 

The skin test does not necessarily inadi- 
cate infection, since mere contact or inocu- 
lating the infective agent apparently may 
sensitize the animal to the test. Taliaferro‘ 
found that immunized with 
parasitic extracts may react 

Fisher ® suggested that the 
sensitivity to toxoplasmin together with a 
positive dye test signifies 4 previous infec 
tion with Toxoplasma, but that a signifi 
cant CF .test titer is probably 
with extensive, often clinieal, evidence of 
This may be equally 
of sarcosporidiosis, as evidenced by th 


also animals 


presence of 


associated 


toxoplasmosis, true 
experimental findings 

Analysis of the results showed that the 
incidence of positive skin reactions is so 
great that the diagnostic value of the test 
is not However, it 
as a screening test. Only if sensitivity is 
other methods 


great can be used 


present should serological 
be used 

As sarcocystin is highly toxie to experi 
mental animals (Awad *), the test should 
not be attempted on human beings in its 
present form 


SUMMARY 


] The present study describes the pos 
sibility of 
cliagnostice 

2) The 


delayed 


using dermal 
test for 


sensitivity in a 
sarcosporidiosis 


obtained was of the 


tvpe; an animal was considered 


when ervthema and edema 


ured 1 to 2 
hours 
3) It 
to the skin test often occur in the absene 


While it has littl 


value, it can be used as 


positive meas 


em. in diameter at the end o 


is coneluded that positive reactions 
of established infection 
specific diagnostic 


sereening test 
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An Improved Method for the Rapid Cultivation of 
Large Yields of Vibrio Fetus 


GORDON W. ROBERTSTAD, M.S., and S. M. MORRISON, Ph.D. 


For Collins, Color ado 


Nt MEROUS TECHNIQUES for the propaga igar and 0.05 Gm. of glutathione added per liter 
tion of Vibrio fetus to be used for’ animal with organisms from the stock culture The tub 


inoculations and antigen preparations have Were Meubated at 37 ©. for 48 hours in a 

been reported These procedures have all eator in whieh 10 per a of th it al i 
. replaced with nitrogen The surfaes growth v 

required a prolonged incubation period 

and large quantities of materials in order 


to produce a satisfactory yield of cells 


transferred to 100) mil of Brueella broth AL 
Gim,. of glutathione added per liter) contained 

1 250-ml., cotton-stoppered, Erlenmeyer flask, The 
This paper presents a V. fetus culture flask was placed in a desiccator and 60 per cent 
method which produces i“ large yield of of the air was removed by vacuum pump and t 
cells in 24 to 28 hours. placed with nitrogen, The desiceator was open 

MeFadyean and Stockman,’ in their the flask mouth was sealed with pies 

studies on vibrionie abortion. experienced aluminum foil held firmly in place with a rub 
difficulty in obtaining adequate growth of 
V. fetus. Several investigators have 
utilized solid thiol agar (Difco) which re 


band The flask was incubated at re | for 
hours on a gyratory shaker New Brunswir 
model S3) at 140 gyrations per minute The eu 
ture purity was determined microscopically and 
quires 9% hours to give an adequate cell the growth was used to inoculats idditional 
vield when ineubated at 37 C. in an atmos flasks——2.5 ml. to each flask of broth. These flask 
phere of 10 per cent CO,. Firehammer and — were again ineubated on the shaker in the mann 
Marsh * observed that V. fetus retained its deseribed. Cells were harvested by centrifugatior 
normal morphology and its motility for @fter 24 hours’ incubation 
longer period in a fluid medium than on a For the determination of the time-growth eur 
solid medium Ilowever, these authors 
recommended the utilization of a modified 
Huntoon’s ‘‘hormone’’ agar to obtain suf 
ficient cells in a 48-hour ineubation period 
Hansen ef al.* used solid thioglycollate 
medium to prepare antigens for the Vibrio 
agglutination test. The cells were har 
vested after a 72- to 96-hour ineubation 
period They also reported that 300-ml inoculum for the time growth curve determin 
Erlenmeyer flasks which contained 100 ml 


of thioglveollate broth could be used to 


utilizing the shaker method, a fresh isolate, 
from an aborted lamb fetus w used Isolated 
colonies on blood agar plates were transferred to 
tubes of semisolid Brucella broth. After 48 hour 
incubation, the resulting growth was introduced 
into Erlenmeyer flasks and ineubate 

ously outlined After 24 hours, the 


two of these flasks were combined 


The cell suspension had a light transmittanes 
5 per cent as determined with a B 


: tronic colo ete (650 \ ‘ 
produce large quantities of organisms in colorimeter WH 


two to three days if a heavy inoculum was 
used, Wiidik and Hlidar® ineubated cat 


tle isolates of V. fetus for 96 hours when 
Ris gen after whieh the south 


filter An inoculum of 2.5 ml, of thi 
was used for each of 42 flask 


Sixty per cent of the air was 


cultivated on chocolate agar medium 


tie ef al.” also ineubated their cultures for sealed with aluminus 


were used for zero time determ 
hours when the organism was propa 
the flasks were incubated at 37 ¢ 
vated on Brucella agar ( Albimi 
haker for irying lengths of tine 


The percentage of light transmittan 


termination, and microscopic examination 
res were prepared = by inoculating 

4 ati d prep tions were m 

emisolid Brucella broth Gm. of ‘ined preparation re 
uch of the following time 
Veterinar M ' 1” 4, 28 32. and 48 hou 


\ 


The remaining 18 flasks served as controls 


an integral part « eater eK were iIneubated in a station position at 
W-27 vibriosis 

Data were obtained on tl 
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G. W. Roswertstap S. M. Morrison 


SHAKER CULTURE 


1— Time-growth 
Vibrio fetus 
(isolate 021) 


Fig. 
curves of 


° 


TRANSMITTANCE 
° 


LIGHT 


STATIONARY CULTURE 


PERCENT 


i 
24 32 
TIME IN HOURS 


16 


RESULTS AND DiIscUSSION 


The comparison of light-transmittance 
readings of Brucella broth cultures of V 
fetus, 021, incubated for varying lengths 
of time with and without agitation is 
shown (fig. 1). It is apparent that gyra 
tory shaking at 140 gyrations per minute 
enhances the growth of this organism to 
rapidly produce high yields of 
Whereas the cultures with the 
shaker technique reached minimum light 
in 28 hours, the sta 


cells 


grown 


transmittance (138% 
tionary control flasks only attained a light 
transmittance of 73 per cent at the final 
reading (48 hours) 

The V. fetus culture used was a freshly 
isolated, H.S-negative, 


With the 


morphol 


catalase-positive, 
gram-negative, short, curved rod 
shaking technique, the original 
ogy remained constant through the 32-hour 
Evidence of autoly 
at the 48-hour 
The pH remained 

7.1 through the 12-hour read 
ings but became progressively more alka 
line until a pH of 7.7 was reached at 48 


incubation period 
apparent 
examination 


SIS Was micro 
SCOpLe 


eonstant at 


hours 

Three other 
responded similarly to this method 
Some of the isolates which had 


recent isolates (1 ovine, 2 
bovine 
of growth 


been propagated in the stoek culture col 


lection over a period of several years did 
not grow in the shaker flasks on initial 
trial. With the exception of a few ‘‘mu 
coid’’-type isolates, these old cultures grew 
on the shaker after an initial stationary 
incubation period of 24 hours. Once these 
cultures were adapted to growth on the 
shaker they maintained the ability to grow 
rapidly 

The growth of V 
incubated on the shaker was of uni 
form turbidity throughout the medium 
There was no settling of cells, even after 
Those eul 


fetus in Brucella broth 
when 


standing for 24 hours or more 
tures which could not be induced to grow 
shaker 
examined by the 
while the 


demonstrated the 


mucoid-type 
acriflavine 


isolates that 


on the reac 
when 
agglutination test, 


well 


gave a 
tion 
vrew smooth type 
reaction 

It should be 
inoculating the 


cultures 
flasks 
Older 


that 


shaker 


emphasized 
used for 
than 72 hours 


should be no older 


cultures gave inconsistent results 


The growth response of V. fetus to agi 
function of several fae 
tors: (a) better contact of the cells with 
the nutrients, (> efficient 


of toxie products from the vicinity of the 


tation may be a 


more removal 


bacteria, and (¢c) a more constant physical 


environment for each of the cells 
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Rapip CULTIVATION OF 


SUMMARY 


A shaker technique has been successfully 
applied to the propagation ot Vibrio fetus 


for the production of a high vield of cells 
in a short period 
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Antigenic Differences Among Strains of Leptospira Pomona 


AARON D. ALEXANDER, M.S.; LARUE B. 


Washingt 


LeEPTOSPIRA POMONA Was first isolated from 
Australia by Clayton 
and Derrick.’ Since that time, its world 
wide distribution among larger domestic 
animals and its infection potential for man 
has been repeatedly demonstrated.’ Lepto 
Sprra pomona has been less frequently Iso) 
and various 


a dairy farmer in 


lated from dogs, rodents, 


other wildlife species.” 

All strains of L. pomona are believed to 
be antigenically and, 
quently, only one serotype has been recog 


nized in Wolff 


Classification of 


homologous CONSE 


and Broom’s proposed 


pathogenic leptospiras.' 
The antigenic similarity of leptospiral iso 
lates from two different epizootics of bo 
vine leptospirosis in the United States and 
L. pomona was first demonstrated by Go 
chenour ef al? Ina 
Wiesmann ineluded 
studies 


recent monograph, 
results of aggluti 
which reportedly 
differences in two 
L. pomona strains isolated in this country 
However, this conclusion is equivocal on 
the basis of the presented data 
sorptions by the two antigenically dissim 


nin-absorption 
demonstrate antigenic 


Cross ab 


ilar strains reduce homologous antiserum 
titers to the same level as absorptions by 
the respective homologous antigens 
Variations in the cross-reactive patterns 
of various American strains of L 
against a battery of serotype-specifie anti 
serums were frequently observed in this 
laboratory and afforded ancillary evidence 
of antigenic dissimilarities. Minor differ 
ences in antigenic composition of L. po 
mona strains were observed in the early 
study by Gochenour ef al."* in this labora 
tory. Recently, during the course of sero 
logical Malayan 
antigenic differences in L 
were again seen.'* In view of this, a study 
of the antigenie characteristies of L. po 
mona strains was initiated. The finding of 
antigenic differences among L 
strains is reported in this paper 
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sorption technique formalin-treated 


ked 


detail 


f mploy 


leptospiras are deseribed elsewhere in 


RESULTS 


for differ 


pomond strains was 


The initial 
ences among the 28 L 
upon the 
reactions of these strains employed as an 
tigens against a collection of antigenically 
distinet type, leptospiral rabbit 
rums. For this screening, 
against 17 different which ar 
routinely used for culture typing were em 
ployed.** In addition, antiserums against 
different strains of L and 
three serotype members of the autumnalis 
group were 
strains under study 


testing antigenic 


based CTOSS 


agglutination-lysis 


antise 
antiserums 


serotypes 


seven pomona 


also selected to screen the 
The autumnalis sero 
types were selected because they cross ag 
glutinate with L 

Except for minor differences in cross re 
actions against Leptospira sentot; Lepto 
spira djasiman; Leptospira australis A; 
Leptospira autumnalis, Akiyami A; 
Leptospira autumnalis, Fort Bragg, the 
agglutination reactions of the L pomona 
strains were essentially identical. Based 
on these minor differences in cross agglu 
tinations, the strains could be grouped un 
der five different patterns of reactions. The 
cross-agglutination reactions of the strains 
are shown (table 2 

In addition to the five 
strains shown in table 2, 


pomonda 


and 


representative 
strains Y—H and 
LC-—34 were selected for cross agglutinin 
Strain Y—-H 
ployed because it was the sole isolate from 


absorption studies was em 
a horse and strain LC—34 was included be 
cause it was isolated from a cow that dem 
high titer 
The results of aggluti 
table 3 


results on 


onstrated agglutinins against 
Leptosprra sejroe 
nin-absorption studies are shown 
The agglutinin-absorption test 
strains Y—-H and I'—34 essentially paral 


leled the findings with strains Pomona and 
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TABLE 1—Source of Leptospira Pomona Strains 


Sou e or refers 
Australia O37 Clayton and Derrick 
New York 2 T. Burnstein, New York 
West Virginia 05 Vet. Div., Walter Reed 
Indiana frochenour ef al 
New York Roberts ef 
Florida Galton ef al 
Jerse Baker and Litth 
Baker and Litth 
ime California 05 (i. W. Hooper Fou 
Gieorgia Coastal Plain Ex 
ine Creorgia Sippel et al.” 
ine New York Reinhard et al 
ine New Yort Reinhard ef al 
ime Virginia Virginia Polytech. Inst., Blacksbur 


Porcine Unknown ‘ Pitman-Moore Co., Zioneville, Ind 


Porcine Unknown nknown Pitman: Moore (« Zionsville, Ind 
Bovine New York 53 K. M. Lee, New York State Vet. Co 
153 ryan et al.” 


Galton et al.” 


Porcine Illinois 


sovine Florida It 
Bovine Florida Galton ef al.” 
1 


tovine Florida Galton et 
Human Malaya Alexander eft al."* 


Porcine Argentina 4 Savino and Renella * 


V-42, respectively, and therefore were not Pomona, strain V—42 is an “‘incomplete bi 
included in this table. otype’’—that is, it contains part but not all 

Within the limitations of the methods of the antigenic components of strain Po 
employed, it is apparent that antigenically mona. Similarly, strain Pomona as well as 
dissimilar strains comprise the serogroup strain V-—42 are incomplete biotypes of 
pomona. Strains C-164 and S—91 contain — strain C-—B. However, cross agglutinins in 
antigenic components that are specific for antiserum C-—B against strain Pomona were 
these respective strains and that are not completely absorbed by antigen V—42. This 
shared by the other strains. The antigenie was inconsistent with the otherwise ob 
inter-relationships of strains V-42, Po- served intergrading relationships of these 
mona, and C-B are particularly note- three strains. Consequently, additional 
worthy. From the results obtained, strain cross agglutinin-absorption studies were 
Pomona apparently intergrades in anti- conducted on strains V-42, Pomona, and 
genic complexity between strains V-42 and C-—B. The results of the additional studies 
C-B. Thus, compared to the type strain were essentially identical to the initial ob 


TABLE 2—Cross-Agglutination Reaction Patterns of Leptospira Pomona Strains 


Rabbit antiserum 
H Reciprocal of titer against L. pomona atrain 
titer Pomona V-42§ 

djasiman 25.600 
sentot 25.600 100 
auatralia A 400 100 
autumnalis, Fort Krage 400 400 
autumnali«, Akiyama A 400 
bangkinang 400 
rachmat 1.400 400 600 
+400 6.400 400 600 
600 6.400 25,600 25,600 25.600 
1,600 400 5,400 400 
pomona { 400) 6.400 400 400 6400 
»,600 6.400 400 25,600 25,600 
1,600 1.400 1,400 
6.400 400 25.600 400 


pomona, Pomona 
pomona 


pomona, 400 


pomona 
pomona 400 


pomona, K 400 
15 600 6.400 1401 


pomona, Lamtl 


All strains negative 1:100) against L. andaman semaranga, I djatzi, hyo 


hallum, L. canicola, icterohaemorrhagiac, L. L. ales L. grippotyphosa, L. medanenaia 
javantea 
?’ Strains suis and Sippel showed same cross reactions 
t Strain Y—H showed same cross reactions 
Strains LC-—34, T-262, KM, Tatna NYA, NYB 


7%, and Lamb, showed same ross reactions 
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TABLE 3—Cross Agglutinin-Absorption Tests on Selected Strains of Leptospira Pomona 


Kabbit antiserum 


pomena 


Vomona 


pomona 


Pomon 
V-42 


Type 


strain 
Incompletely absorbed 
1-100 


Residual agglutinins were emoved after 


and 
V-42 were indistinguishable after repeated 


servations; however, strains Pomona 
absorption treatments of aliquots of each 
of the three antiserums with the three dif 
ferent The apparent antigenic 
differences between strains V-42 and Po 
quantitative than 


antigens 


mona may be rather 
qualitative 
DISCUSSION 


The cross-agglutination screening of lep 
tospiral strains against a battery of sero 
type rabbit antiserums that encompass the 
extensive antigenic spectrum of leptospi 
ras, as well as against antigenically related 
serotypes, provides important clues for 
subsequent definitive identification through 
agglutinin-absorption procedures. this 
study, although there were marked simi 
larities in the over-all reactions of 
the strains, four antigenically dissimilar 
strains of L. pomona were revealed on the 
basis of minor differences in cross-agglu 
tination reactions 

It should be noted, however, that uni- 
form cross-reactive patterns by serologi- 
cally heterologous members of the same 
serogroup and, conversely, minor differ 


CTOSS 


of titer acainat L. pomons 


repeated absor ptions 


ences in cross reactions ol homologous 
previous 
Classification studies conducted in this lab 
**° Similarly, in this study, strains 
Y-H and C-—-164 are antigenically dissimi 


lar although they are indistinguishable on 


strains have been observed in 


oratory 


the basis of cross-agglutination reactions 
Thus, although we have assumed, for prac 
tical that all anti 
genically homologous if they demonstrate 
uniform cross-agglutination reactions, this 
may not always be the Definitive 
identification of a isolate 
only 
tion tests. 

The pathogenic 
¢lassified into 
types’’ by Wolff and Broom 
of specific antigenic 
definition, a includes all 
indistinguishable from the other on 
the basis of cross-absorption procedures 


purposes, strains are 


Case 
leptospiral can 
be ascertained by agglutinin-absorp 


have been 


leptospiras 


‘serogroups’’ and ‘‘sero 
on the basis 
characteristics by 
serotype strains 


Serotypes sharing major antigenic compo 
Within 


a serogroup, in addition to antigenically 


nents are grouped into serogroups 


heterologous serotypes, ‘‘complete’’ and 


‘‘incomplete biotypes’’ may be present. In 
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their classification scheme, which was pro 
1953 and 1954,"' Wolff and 
groom recognized 34 serotypes which were 
assembled into 20 serogroups. 

In this laboratory, the criteria of Wolff 
and Broom for the designation of sero 
types have been adopted and modified to 
conform to our dilution techniques.*® Thus, 
two strains are considered heterologous if, 
after absorption by the other strain, the 
antiserum of each strain retains at 
one sixteenth of the original homologous 
titer. Similarly, two strains are homolo 
gous if residual titers following absorp 
tion are than sixteenth of the 
original homologous titers. Applying these 
criteria to the results of agglutinin-absorp 
tion tests shown (table 3), strain C—B is a 
complete biotype and 
C-164 are heterologous serotypes of the 
type-strain Pomona. However, compared 
to serotypes, other than the type strain, 
different inter-relationships are defined un 
der the same criteria. Thus, strain S—91, 
a heterologous serotype of strain Pomona, 
is a homologous serotype of strain V—42, 
which in turn is serologically identical to 
strain Pomona. This limitation 
of the currently proposed classification 
scheme reflects the application of an arbi 
trary numerical basis for the designation 
of serotypes. In addition, residual titers 
of absorbed serums may not be reproduci 
ble quantitatively because of variable fac 
tors in microagglutination procedures, 
such as test antigen sensitivity, age, and 
density of test antigens However, the 
employment of arbitrary numerical stand 
ards for serotype designations can not be 
discarded since the other alternative for a 
firm basis of antigenic classification—fac 
tor analysis—is precluded by the relatively 
low yield and slow growth of leptospiras in 
cultures, 

The Wolff 
sroom to simplify the classification of lep 
tospiras was an important step in that di 
However, this pro 
interim expedient and the 
the definition of 


posed in 


least 


less one 


strains and 


obvious 


sugvested scheme of and 


rection scheme was 
posed as an 


authors recognized that 


serotype and serogroup might be amended 


in the light of new information. Since the 
publication of this classification scheme, the 
number of serotypes has virtually doubled 
and there has been an increasing disclosure 
4,10,14,1 The 


concept of serotype and serogroup must 


of new antigenic types 
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necessarily be broadened to avoid confu 
sion in nomenclature, This subject will b 
treated in an extensive study of Malayan 
leptospiral serotypes '* and for this reason 
we do not propose at this time to apply 
new serotype designations for the antigen 
ically diverse 
group. Under a broader definition of sero 
type, the strains studied may not be suffi 
ciently disparate antigenically to warrant 
separate appellations 

Antigenic differences among strains may 
be important in so far as they may be r 
lated to differing epidemiological aspects 
and clinical manifestations of human and 
animal L, addi 
tion, diverse antigenicity in strains may 
explain, in part, the different cross-agglu 
tination reactions of infected hosts in var 
ious epidemics. Coagglutinins against Lep 
tospira icterohaemorrhagiae,” L 
and L. autumnalis*’*® that frequently 
show higher titers than the 
antibodies have been noted in mammalian 
hosts in various outbreaks of leptospirosis 
caused by strains of L. Finally, 
the antigenic attributes of strains are im 
portant in the preparation of vaccines 
Additional studies on the relationship of 
antigenic characteristics of strains to viru 
lence, clinical manifestation, host distribu 
tion, and 
desirable 


serotypes of the pomona 


pomona leptospirosis. In 


homologous 


pomona 


host-serological response are 


SUMMARY 


A serological study on 24 strains of Lep 
tospira pomona is reported, The serologi 
cal screening of strains employed as anti 
gens against a battery of serotype rabbit 
antiserums revealed minor differences in 
cross-agglutination reactions Based on 
these differences, strains were selected for 
aggintinin-absorption studies. These stud 
ies disclosed the presence of four antigeni 
cally diverse serotypes The antigenic dif 
ferences in strains may have an important 
bearing in epidemiological, chemical, sero 
logical, and vaccine prophylaxis aspects of 
L. pomona leptospirosis 
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